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ABSTPAC*^ 

_ The research, reported in this paper ^plbres the 

syntactical and senantic link between cbiputef prograiiing stuteients 
•^d logical principles^ ahd^ddresses the effects of learning a 
prbgraBaiing language on logical reasoning ability. Fifth grade 
students ?r a public school in Syracuse, New TorJc, were randomly 
*?eiected as subiects^ and then randomly placed in either the 
experimental or^the coptrol group, The'experiiertal group was taught 
LbGb^ a programming language. deyeloped f er_ use with ybung children^ 
while /The control group received no special ihstructibn. it the end 
of the ♦•r^eatment peribdp both groups were adminlfetered a series of 
tes*-s_measuring_their cbnditibnal reasoning abili Tests were 

scotjed in two distinct ways^ and the. two groups were statistically 
compared within bbtfi scoring schemes by split-plot -two-factor 
repeated measures and one-way analysis of Tariance, It 'was fouixd that 
•<5tu^ents in the experimental group who interpreted conditiDnal logic 
statements bicondtttQWllv performed significantly better bn the 
iryersion fallacy principle than_ the contrbl group: nb significant 
difference was_ found _whetf te^t items were scbted in the traditibnal 
ma^.ner. Comparison of _pre- at.d pbst-experiment achievement te ^ 
sqoree_ shbted a siqfhificant imprbyement_ in reading only for the 
contrbl grbup^ Some areas for ^further research" are suggestad, and a 
60-item bibliography is attached. fHERI 
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^ INTft^DUGfieS 

The ^central quest,ion addressed_in the research re|>brted here is: what 
a re the effects any » of lear:hlhg a computer, programming language upoia the 
4aarner's' ability to reason loglc/ally ? 

Logical reasoning is an important cognitive attribute of central 
importance in many aspects of life. There is fairly 'widespread agreement among 
• educators and the general public that the' development of problem solving and 
critical thinking abilities in students aKe twq major goals of the educational 

_____ 1 ~_ ___■_. ; '_ , 

system.^ It. has been argued, quite persuasively, that logical reasoning 

(i.e., the drawing of valid inferences and correctly judging whether or not a 

statement follows from others necessarily) is central to both problem solving j 

and critical thinking.^ Indeed, it is difficult to imagine an -approach to ^ ' 

__ it. ,.. 
/ problem solving that does not include some aspect of deductive^ or inductive 

_ ; . . . _ \ ,;. 

reasonings Can learning a computer programming language influence the 
learner's ordinary-language logical reasbhing ability?^ 

All empirical test of this question is vital since the cates^t ^ich 



_ mlcrocomi n rrfn' S-.a^^e— be^ft^ irnr hnmi* anH g?>v>nn1 w&tx -f c Increas ing 

'__rapidiyL_andris- not-li4ce In addition, 

^ the teaching of .computer programming has moved downward in the school 

curriculum from college to elementary school and sho^^ signs of becoming 
^ widespreadi^ \. 

If- research should show that logical reasbhing ability is enhanced By . 
learning,, a Cbmputer prbgramniihg language, then there wqold exist a cofflpelling 
practical incentive for incorporationg computer programming intb schbbl 
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curricula at all levels. Iri" addition^ this method of (Indirect) instruction in 
logic could prove to be a viable alternative .to the kind ^of direct logic 



.instruction which his been largely ineffectual in the schools. ^ 

However, should empirical sttidies show that learning a computer 
programming language- results in learning "incbrrect" logical principles, then 
a warning -can be^sbuhded:. learni programS:ng can confound attempts 

to teach logical*Seasoning and. thus negatively- affect the learner's prbblem 
solving and critical thinking abilities. Results such as these might lead t<5 a 
collaborative effort- between educ a tbrs and computer scientists ^o redesign - 
certain aspects ot computer programming iangu^gisi > 

Conditional logic statements play a sigtLificant role in discburse* 
associated with such thing;s as explahatibri and argumentation. Also, laws., 
causal r$latidnshipl, possibilities^ as well as evidence relationships kre 
frequently ^x^ressed in terms of Ibgicai statements (particularly » conditional 
logic), in additi-on, the development of logical structures is a key ribtibh in 
Piaget's thetsry of cognitive develbpi^ht and it is thought that the 
dntdgenesis. of Ibgical hecess^ity reflects the development of these 
structuresi^ ' "i'v 



T h e use of rrmipiL Lgxs in r> i ir -Hrt^H> f y ^ rmvimher anfl '^rnpe, has grown 

-^-remendtmsly'"slhce"YIie^a^ of micrbcbmputers in 1975# Inexpensive 
micrbcomputers ("persbhal computers") how cost asSiittie as $200 and are . 

, >v -- ^- --- -- • - 

appearingxin homes and schools in increasing number^s. Between 1975 ahd^l97?^^ 
over 500,000 personal computers -were sold in the United States with an equal' . 



number prbduced in .1980 albhe. One technology assessment predicts that 3. ^ 

— - ' - - ■- ^ • , ^ ■ ^ ^ ^ ^ 

million units will be sold to first-time^ buyers in 1985 and that by 1990 a 

cummulative sales total of 9 million will » reached. ^ 
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...... . ■» •. • . _____ ' • , • 

While some computer use is undoubtedly for ehtertairmeht purpqs^s^ much 

of dt is* explicitly for educational purposes and is marketed as such The 

^ low cost of these machines is making computer programming possible for a large 

number of persons and the educational system is responding by purchas-ing a 

4 great many machines and by offering ah increasing 'number of courses in 

ci^mputer programming at all: levels of the systoui • ^ _ 

Some educators and policy planners suggest that prof iciericy in computer 

programming should rank with readings writing and arithmetic literacy. One 

implibatidn is that computer programming should be a requisite for grade 

advancement- beginning as early as Kindergarteni Thus, the kind of xese?rch. 

reported here is both timely and vital, 10 ' . 

SectiK5n XI- shQWs how certain computer programming language statements are 

■ - ^ ■ - . ' ■ • . ; - 

syntactically and semahtically (dis)siinilar to ordianry-lahguage conditional ^ 
statements. Depending upon the user's interpretation of these ordinary- 
' language conditional statements, the computer statements constitute "cbrrect"^"X 
. or "incorrect" jLndirec^ instruct ion in the validity anU fallacy principles of 

conditional- logic. • ^ 

■■' ~ ' ' ~ f _ ' *■ ■ _ ■__ _ 

Section III presents an experinient that attempts to answer the centrral 

' — ^-Z^^-^ -r — — — — ^ X ' 

♦ ques^tion'"a'nd- ^ich demonstrates the impbrtance of szarefully asses^ng tfi^' 

logical standards against which logical test items are scored as "correct" arid 
"incorrect • " Section IV consists of conclusions drawn from this study arid a 
discussion of the results. - ^ 

I ioiow of no previously published research that demonstrates the 
syntactical and semantic link between computer prbgrammihg statements and 
Ibgical principles. Nor do I know of research that addresses the effects of 
learning a cbmputer^ programmirig language oni iogicai reasoning abilit^^^^*^ 

\ - : ^ ■ • - ' 
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• eONDiTJQNAL tOeiC PRINCIPLES AND COMPUTER PROGRAMING 

Ai Condi tlbrial Logic Principles ' . ' 
.- _ ^ Byv "reason logically" I mean, utilize correctly Ic^glcal- principl^s^^ 
eonditionai ^ logic is a type of apropos itional logic that- uses the logical 
connectives, "if," "if-then," "only if ^" and "if and only .if" to connect 
antecedent and consequent ordinary-language propositions (represented here by 
^ "p"^and "q^" respectively). I focus upon th^ "if-then" connective since "if. p". 
then q" (called the logical con di t i on a l stat e ment . ) is a fairly cbmmbnly used 
locution in ordinary discourse? In addition, it is often used to reflect 
deductive necessity: a cbnclusibh fbllo^R^necessarily fran a premise or set of 

premises by virtue of the formal structure of the premise(s) and conclusion 

' - ■ * ' - . , c ■ ' * • 

without appeal to CTpixicai evidences _ : 

it is logical convention that the binary truth furictibh representi!^ the 

. conditional, statement renders tSe s.tateneht true for all trath value • 



cmhi Tia tibns: of-dto ^ nt^ce d e n and co ns equfence except when p is . t rue and q i s ' 
false^. This interpretatibm of jt^e conditlb^l statfemeht is called material 
impl i c a tion (or material -conditibrial ). Fbur principles of conditional^ 
logic are bf interest here. They can be viewed as corresponding to* fodr 
cbhditibnal arguments. 

Consider the conditional statonent as the first premise in a twb prraise' 

- •*. •( ■ 

argument which has as its secbnd premise the affirmation or denial bf either 
the antecedent br cChsequence bf the first premise i The conclusion of the 
argument is either ttie^af f irtnation or denial of the proposition which is not 

- '^< • ■ ^ ■ . - . ■ — — ■ - ^ ^ 
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present in the second pr^mi^e; Of thi*se fo'xit possible arguments?; twb are valid , 
arguments (i.e. /the cbriciiisibri follows logically from fc^' premises )?*and two 
are invalid (i.e., the conclusion does not follow logically from the 
premises). The arguments and the conditional principles corresponding to them 
are (givenv the conditional statement^ "if p then " as the first premise)* 
: ::€~showrl in Figure l.A^: l use^:^*^^^^^^ Everyd^ : Osag^ :.i 

might find; "it rains today" for '^p" and "Mary carries her umbrella" for'"q. 

Thus, the Shorthand "if p, then q" stands for: "If it rains today, then Mary 

_ _ _ _ 

carries*her umbrella." , • . 

* _ . _ _ _ _ M C"*-' • . 

V Forward Conditional , The affirmation of J^he antecedent (p) implies 
the a^flrmatioh of the consequent (q). 

t. The denial of the antecedent (p) db,es hot fc^ itself 



V imply the denial of the consequent (q). 

3. Cbriversibh . The affirmatibh of the consequent (q) does not by itself 
imply the affirmation of the antecedent ^(p). 

4. Cbhtrapbsition ^ The denial of the consequent (q) implies the 
denial of the' antecedent (p). 

— - ~ "Tlpg -e- U -Four P r inciples of Cond it ional bogie under ~" 
the Material Conditional Interpretation 

Principles i and 4 are the validi ty principles, wfiich -means that a 
particular conclusibn fbllbws necessarily from an argument containing the 

cbhditiohal statement. Principles' 2 and 3 are the fallacy principles because 

■ ■ ■ __ __ - ^ / 

no valid conclusion can be drawn from an argument Cdntaining\the cbnditibriai 

statement. , 

Figure 1 reflects the material conditional interpretation of the logical 

conditional staiieineht, "if p then q^- However, empirical evidence shows that 

maSy children in fh^ concrete operational stage bf cbgnitive development (ages 

7—11) and formal operatibnal' adblescehts interpret the conditional statement 



o ■ . 8 

ERIC 



in irbicohditibhal manner (SeidSan^ 19868^: 19365) i tJnderithis interpretation, 

. ^ ' • ' ' . ■ \- • . 

the faliaqr principles in Figure 1 isecorae valid * 'See Figure 2. \ * 



.2a. Biconditional Inversion .' The denial of the if-part'(p) of 
thi "if p, then q"_ conditional statCTent implies' the denial 
of the then-part (q5. 



- - .3a^ Jtcon d tt i on a l Cetiversion . Tlie aff irmation of the then-part 
• the "if p, then q" conditional statemeyit Implies the 
• ^ v i/v i^ of the if-part (p). ' 

. ■ , .4 . 

. . * . - * 

Figtiife 2. Biconditlonaf^Interpretatibn of the "Fallacy- 
Principles of eonditional Logi^ ; 

The biconditional locution is^ "p if and only if q,. " By logical ^ 
cbny|htibui the biconditional statentent is' true when the truth value of "p" 
arid "q** are the s^e. (3therwise, the statefteat is falser - • ' 



A. 



B. Standard Gone 



eat ^nd Logical Pritidlples 



All higher-level computer programming languages contain cohditionai' 

'*____'__ - ^ ^ ^ 

braoch statonents. Ordinarily^ statement^ (instructions) within a computer 
program are executed in an invariant sequence unless art instruction is;. 

encountered which commands otherwise. The cbndltibhal branch. staTanent 'is cuch 

i - - -- - - - . • .V- 

i^^n i^sczruct ion. Very : simply the tohditibhal branch staternen^ is the ' V ^ 

■ y,. . . ■ ^ ' ■ * . ;■ ^ • 

~ _ _ _i _ _ _^ - "i 

. progr^mer's way of instructing 'the computer to alter the natural flow of^'^ > * 
^^bi^^'^i^CTtion, depending upon the ttutK-valUe (tfuth-status) of a ^ 
predicate (or'^rot>dsltdn). This is an absolutely vital instruction without ^1; 
which a computer programming language would be rendered virtually useless. 

The syntax of cbnditlonai branch stataaents in different computer 
programming languages differs but their logical structures are similar. The 
general logic -of a cdnditlbnal branch stataneht is illustrated 



, diagrammatical ly in Figure 3. 



jL 



tPrbgram fS^) 




TRUE. 



(altered program flow) 



Figure 3. Logic of a Cbriditibnal Braii^h Statement 
(t'ests truth^value of proposition) 
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The standard cbSdit tonal branch s-tateracntl* caii bt expressed In Its 
general forni as: • • . . ' 

^ . : IF a THEN B ' : ^ : 

where /a" is a logical expression (proposition) which evaluates to the truth 



lvalue TRUE or FAtSE. I call the antecedent-proposition , "b" is an 
expressions : but not ^ -'pr<>P<>sitioh. Typically, " b"- cause? s^tS^ a^ 
carried out by She program such as a^ignii^ a value to a variable, brahchi^ 
to another prograaa statement, output of data, or halting the execution of fhe 
program. I call "b" the ^:xu:ia ^quent-ac t4cm' . The general logic of (1) is 

.illustrated in Figtpe 4; ^ - v 



(Program flow) 




TRUE 



<e^ecute action ^}f*) 



■ 



FALSE ' ^ ■ . _ ' , 

(dp hot execute action' "b**, instead 
cbntinue-£6 next statement in program) 



Figure 4. togic of the Standard Cdndlt|.bnal 
' Branch Statement 



The expression "b" is not strictly a proposition (it does not evaluate 

... # ' _ r ' :^ 

tcr i TRUE or FAI^E truth^-valueji However, depending upon the truth-status jbf 
"a,- it is eit^i^ ^rue-or^^lse that act'i'bn^ ^b" is carried out*. In this sense, 
we can-view "b - as quasi-prbpositional. It Is doubtful tfiat in 'practice such a 
sophisticated distinction is Sde. ?^ore :i±keiy, the programmer view^^'b" as 
true (occurring) or as false (not ^occurritig). I use "trii^*^ and "false- iii -this 
manner, in, the context of consequent-action^ thrdughbut this discussions 



there arc two primary sema'ritlc " properties associated with the s£kjjdard' 
cbhdltlbhal statement: - • ^ 

■ When the antecedent-prdpositldn Is true ("a^h the consequent- 

action wai caus a lly be true ("b"). Thus* "a" and "b" can co-occur. 

* 2.. When the antecedent-proposition is false, ("i-.), the^onsequent- * 
action ^11 causally be false ^'E-'), Thus, .and "F" caii i:d-^ • . 
occur. * * * . : ' 

Two derivatige semantic properties can be drawii from^hese primary 
properties: . * ' . ' 

■ . _ _ - , ,- • 

3. If we knw^that . the cbnsequent^ac^ is true ("b"), then we are 
• ent'ltl^4_to cpnclude t^at the antecedent-proposition is not faUe (i.^., is 
true* "a*;'). Thus, "a" and "b" cannot cd-occur. * * 

if we know that the cbtisequent-actibh is fals^e ("E**), then we are * 

entitled to conclude that the antecedent-proposition is false (i:.e., not true 
/*a**)i^ Thus,- "a" and "S" qahnbt*cb-bccur. , 

These standard conditional branch statement properties are illustrated 
in Table 1. ^/ ; ' . 



• TABLE 1 . 

eO-^eURRENCES FOR^- AND "b" 



^^^"^^^^^^^^ f . Consequent-. . Cb-^ccurrence 
: • Prpppsitidn : " • Actibh 

'a /- b ' . T . 

a ' b ■ • F 

a - . ^ p . . 

a ' ■ ^ b - - . * T : ' ;^ 

Note: ^T^stands far a cd^ccurrehce and "F" stands for a noS-occSrrence. 

Prbperties 1 and 4 of the standard conditional branch statei^ht are 
consistent -v^th (or mirror) the ;validity principles^ of conditional logic 
(Forward •eonditional and Gbntrapositbhi -respectively). Properties 2 and 3 are 
inconsistent with (or do. not .mirrbr) the fallacy principles "of cenditional 
logic (Inversion and eonversion, respec This is; because Prbperties 2 
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and "3 ailow us to draw d ef fnittve ^-gttclusibns frbo the preaises whereas we 
... - - ' 

• are not pertaitted to do so under the naterlal conditional interpretation of 

cbn<fltional logic. 

In a certain sense, w can consider the standard cbndttfbhal branch 

statement as true (of valid) when "a*" and "b" co^ccur, or when -i" and 

"5" co-occur. In a sinilar sense, can consider the standard conditional 

branch statement as false (or invalid) when "a" aruj "b" cb-bccur or when 

"a" and "F" co-occur, this view bf th^ standard conditional branch 

statement alrrbrs the bicbnditional interpretation of the ^if-then" 

\ • __ 

conditional stat^ncnt. The definitive conclusions drawn ate the cbhclusions 

one is perairted to draw under the bicbnditibnal interpretation of the" 

------- - -. .__ _ . »^ 

co-nditional statecfent. Sec the validity principles in Figure 1 and the 

• _ _ _ . _ * 

.biconditional "fallacy"' principles in figure 2. 

If it the case that transfer of l<*arnirtg froa standard cbnditibhal 
branch statments to brdinary-larigua.gc. cbtiditibnal statments occurs, iaproved 
perfbrtaance bn the validity principles of conditional logic is expected to 
occur independent of interpretation of ordinary-language conditional 
statements .(iiei , material conditional or bicbnditibnil)i This aisertibn (all 
other: thiMS being equal) is reflated in the following two" informal 
theses; 



^ ^nformal Hypothesis^J^ teaming the standard conditional branch 

statement might tend to improve the subject's pcrf brmance on the validity 
principles of conditi^al logic Under: the material conditional interpretation. 

_ _ Informal Hypothesis 2. Learning the standard conditional branch statersent 
niight tend tb_ improve the subject's performance' on the validity principles of 
: cohditiogAJr-Togic under the biconditional interpretation. 



On the other hand^ If it is the case that transfer of learning occurs 
and subjects interpret the otdinary-ianguage conditional stateioent in a 
oaterial conditional taanner, then reduced perfbrnance is to be expected on the 
fallacy principles. This assertion is^xeflected in the following informal 
hypothesis. 

Inforaal Hypothesis 3 ^ Learning the standard conditional branch 
statetnent aight tend to reduce the subject's performance on the fallacy 
principles of conditional logic under the miaterial conditional interpretations 

Finally^ if it is the case that' transfer of learning occurs and subjects., 

interpret the ordinary-language conditional statement in a bicdnditidnal 

manner, then improved performance is to be expected on the fallacy principles. 

This assertion is reflected in the following informal hypothesis. 

tnfarmal Hypothesls-4^ Learning the standard conditional branch statement 

might tend to improve the subject's performance on the'faljacy principles of 
conditional logic under the biconditional interpretation. 
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Expiicit^l fcSE Cond t t t onal Branch Statements an d Logical Prlriclples 
the standard conditional branch *stateneht is but one type of conditional * 
branch statonent used ia computer programming ianguagesi Another is called the 
IF-THEN-ELSE cbhditibnai^ statement (or explicit ELSE) and in is used in many 
popular computer ianguages./^^ ^his statement has the general form: 

IF a THEN b ELSE c (2) 
where "a- is a predicate that evaluates to the truth-value ofv TRUE or FALSE. 
As with the standard conditional branch statement, we call '^a" the 

. _ . .^'^ . . ■•, ' . V. 

artecedent-propo s ition . *'b" and "tc" are expressibrisi but are not propositions. 
___ ___ _ • 

Like the ""b" in the standard conditional branch statement, they car se some 

action to be carried out by the progr^i i call "b" and "c," consequent- 

acLion-1 and consequent-act ion-2 , respectively. 

The explicit ELSE coriditibrial branch statanent has the logical structure 

shown in Figure .5. 



(Program flbw^ 




(execute action "b") 



FALSE 

^ (execute action "c") 



Figure 5. Logic bf^^th^ Explicit ELSE Condi t 



itional Branch Statement 



Like the standard conditional statement, there are two primary semantic 
properties associated with the explicit ELSE conditional ^brahch statement: 
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__ 1. When the ahtecederit-propbsitibn is true ("a")i coitsequent-action-1 
will causally be true ("b") and consequent-action-2 wlir causally be false 

rr). . • 

2. When the antecedent-prbpbsitibri is false. ("a")^ cbhsequeht^ 
action-1 will causally be false ("5") and cbnsequerit-actl6ri-2 will 
causally be true ("'c"). . 

- - .__./!::_ ■__ L^': _. . 

Four derivative ggnantic properties can be drawijrfrom these. primaty 

semantic properties: - 

3. If we know that cbilsequent-actlbh-l ds true ^"b"J, then we are 
entitled to conclude that the antecedent-^propoSition is true ("a")i We are 
alsb entitled to conclude that cbnsequent7-actibn-2- is false 

\r..- if we Imbw that consequent-act ion-1 is false ("-B-), -then we are 
entitled to conclude that the antecedent-propbsitibn is false ("a"^. We. 
are also entit^^^to conclade that cbtisequent-actibn-2 is true ("c"). 

5. If we know that cbnsequent-actibh-2 is true ("c"), then we are 
entitled tb cbnclude that the antecedent-prbpbsitdbn is false ("a").^e 
are also entitled tb conclude that, cbnsequent-action-i is false ("B"). 

6. If we know that consequent-abtion-2 is false Cc"), thin we are 

entitled,, to conclude that' the aiitecederit-prbpbsitibn is true' ("a"). We are 
^also entitled to cbnclude that cbnsequeht-actibn^l is true C'b**). i 

The cb^bccurrence cbniblnatlons fbr the antecedent-pf bpbsition and botK 

consequent-actions are shown in .Table 2i 



' • TABLE 2 . ^ 

CO-OCCURRENCE OF. EXPLICIT ELSE ANTEeEDgNt-i^PbSitidN . 

AND CONSEQUENf-ACTIONS ' 

Antecedent- 
Proposltion 



a 
a 

. a 
a^ 

-a 
a 



Consequentr 


Consequent- 




Action-1 — 


-Actibn-2 • 


Co-bccurrerice 


b 






b 


c 


T 


b 




F : 


b ^ 


c 


F 


b >v 


-a 


F 




c 


F . 






' * T 


b 




F * 



Nbte: "T- stands for co-occurrence and "F'* stands '-for non-co-occurrencei 
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the explicit ELSE conditional^ branch s.tatement is unlike the logical 
conditional "if-theri" statement in two respects:^ . r. 

1. Like the standard conditional branch statCTent, the consequences are 
hot propositions but ^n be. considered to be>qaasi-propositionali 

2. Each explicit ELSE conditional branch statement contains two 
consequent actidnsytdr two quasi--cdnsequences)» " 

The first difference is not important providing that programmers do hot 

make the kind of sophisticated distinction that we have made between 

propositions and quasi-prbpositions. The second difference rarrants , - 

expldratidn. ' ^ ' * * • . / ; ] . 

1. Explicit ELSE Conditional Statements ^and Logical Va^^ty Principles 

. The presence of two explicit ELSE consequent-actions Co^ af 



wheniever the other is denied) make the relationship between^ the. explict ELSE 
conditional statement and the validity principlgs of cbri&tioM logic 
. "gcxnewhat c oti pi ex^^ The Forward Cpl^ltibnal principle permits us' to. affirm the 

; - ... . . v., '■• : _ ■ . . ; ■■. ■■- . ' \ ,. ■ 

Csingxilar) consequent given the affirmation of the antecedents in the exjplicit 
ELSE version of the^ For^rd' CondiSibnal,^ are, entitled td affirm \ 
consequent-aptldn-i ("b") arid at the sane time to deny cbhsequerit-actibh-2 



C^c"*;! given, that the antecedent prbpositibh is affirmed ("a"-), 

. • ^ ' ■ . _ ■ " ' . ■■ - . * ■ ' 

Similarly, the ebntrapbsitibn principle .aiiora us tod^^ the antecedent 

' ' ■ i " . 

given that we deny the (singular) consequents In the explicit ELSE ys'tesldn df 

Contrapdsitidrij the denial of cdhsequent~act:ibri--l ("E") entitle s us t6 

I ; — ■■ 

cbnclude that the ahtecedeht-propbsitioh is denied ("a"). Oh the other . ^ 
hand, the denial of cbnsequent-action-^2 ('*c**) entities us to affirm the 
antecedejit-propositidn ,("a">w , 



ThuSi .we can say that the explicit ELSE cohditiorial branch -statement is 

* 4. 

in some ways consistent with the conditional logic validity, principles and in 
other ways inconsistent ^th these very same principles^ This makes it, at 



b^sti ctirfaii^ an4 I-ain:-lea tb-^cbhcludi that the LOGO cbndltlbil branch 
, ; Statement is titlcdnslstent (jSii not mirrbt or is incbi^iHbie) with the 

cottditibnal logic vaiidity principles under either the material cbnditibnal or 
• the biconditional interpreeatibh. ; ; 
. ^ teaming explicit ELSE conditional branch statenents might iSdirectly ' ' 
affect the prbgfammer's ability to hanc&e thg "if-then- logical validity 
principles. Tfiis. as we shall see in t hi next" section.' may be contingent upon 
thi programmer's interpretive model of the explicit ELSE conditional ' 



rrom the abbvev we can develop^ t4 informal' hy^^^^ " •' 

- . • '-^ . ■ ■ • - ■ ■ > 

Hvpothpsts Learning explicit ELSE conditional bratfch • . 
Sncln?.^"f^ ' .'r^ to^ reduce the subject's performance on the validity - 
principles of conditional Ibgic under the material conditional interpretation. 



t 



- , ^^°^°^%othesis 6. Learning explicit ELSE' conditioSii branch • 
SnSbS." ^8ht tend to reduce the subject's performance on the validity 
principles of conditional logic under the biconditional interpretation... 

2- -Explicit ELS^Xond4tional Statements .n^ W-,..-, ^aUaCv; Prlnr^p fi^c. ' - 

the fallacy prfnciples of the- logical "if-then" canditibnal, ii'nder the 

material conditional. Interpretation, do tipt permifc-Us tb' dr^ a conciusibn 

bas^ upon the denial of the antecedent" nor do they .permit us 'tb ^draw a 

conq;uslQn basid upon the "affirmation of the (singular) consequent. On the 

..other hand. .the.. expUclt ELSE conditional branch statement entities u5 to dr^w ' 
a^conclusibn^ based upon these con4iti^,ns.^ Thus. 'l am led to' conclude, that -in " 
this respect, the logic Pf the ' explicit ELSE. tondition^-^^rah^ 

■ inconsistent (does not mirror or is iScom^tiblef with the- two f^ . -. 

principles Of conditional logic (inversi(»i and Conversiorr)..^undef the 'n^teriui 

conditibhal interpretatibni: * . v • " _ - ^^^^ 



^owever. when the conditional logic statireit is- interpreted in^e ^ 
bicondtfionai_manner^lJ: -is permissible to 'Sraw a conclusion .based upoS the 
denial of the (singular) .cbSieqTOnfcii See Figute' 2. This fact should not tempt 
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us to* jump to the .conclusion- that the expiicit ELSE Cbnaittonki" branch 

^ ♦ ' • / . . * ■ 

Statement is inconsistent with the logical cbriditibhal statement under the 
material conditional interpretation but corisisteht under thfe biconditional 
: interpretation. -Clearly^ the denial of thr explicit ELSE antecedent- 
proposition entitles as to affirm one consequent-actibh. In additibn, the . 
affirtnatlon of one of t^ie explicit ELSE consequent-actions (b) ^rmits the 
affirmation .of the explicit ELSE antecedent-proposition^ but affirmation of 
the other conseqiient-actlon (c) permits the denial of the s|me antecedent- ' 
proposition. , ^ . ■ 

At 'best this makrs matters confusing, and at worst I am led to conclude, 
as I have for the logical validity principles, that the explicit ELSE 
cbnditibriai branch statement is inconsistent with the logical cbhditional 
under the biconditional interpretation. ' , 

Learning explicit ELSE cbhditiorial branch statements might} af fect the 

--■ ■ ■ ' - - ' l _ - : ■_ ' 

programmer's ability-tb handle the "If-thea" logical fallacy 'principles. From 

the' abbVe^ we can develop two Informal hypotheses. ^ ' . ' ■ 

Informal Hypothesis ^ learning- explicit iLSg conditional branch 

stat^ements might tend to reduce the subject Vs' perfo-nnance on vthe fallacy 
principles of coriditional Ib^c under the material conMtionai^ ' - 

interpretation. 

> ■ - • ■ . • ' ■ 

. ^Inf brmal^Hypbthesis 8. Leading explicit ELSfe conditional branch . 
statements might tend^ to reduce the subject's performance bh the fallacy 
principles of conditional logic under the bicbnditibrial interpretation. 

; __ __\ [ ' '_ _. . ^ _ __ . '\ . . ^ . ' 

: ^e^^^naiysia ^t5f .'the explicit^ELSE cbnditioh^ branch statement tliat 

leads/ to the ^^bove "informal. hyix>theses: .reflects one of two distinct ways ^o \ 

interpret these conditionals. I call the. above. interpretation the explicit 

ELSE Interpretation to distinguish it from, the implicit ELSE interpretation^ 

described in the next section. ^ ^ 



' . -17- , . 

I i . ..... *: : . 

Imp l tct EL SE- iriterpretatlbh and Logical Prittctpiii : 
Consider agaih^the standard conditional branch statement: '■ - 
• . .' . ^ IF a THEiU) . . (1) 

Ihis statement can be interpreted as Voii&inihg an iipiied -ELSE- clause: 

^ IFl'a TH^ b [ELSE c] ' *• (35 

•where "c^ stands for "go to" t^next sequential program statement." The^ 
brackets serve to indicate that' the- ELSE clause is concealed ai implied. 

There is another way to rehdar (35. It is a way that better reflects the " 
implicitness of the ELSE clause: ' • . ^ ' ' 

" .. ^ ' IF a THEN b [ELSE-H], ' . . 

This rendering ^ans that if "a" is false ("i")* do riot carry- out ^ ■ f- 

consequent-action "b" ("5"), t ' ' 

Consider the explicit ELSE conditional branph sts^tement repeated below: 

. ' •^S'a^ THEN b ELSE c. • (2) 

If it is the case that the subject focuses ugbri the first consequent- 
action ("b") ^en dealing with these conditional branch statements, then 
ajthough -ELSE c" is ei.plicitly preserit in the statement, this cl^t* might be 
interpreted iri a ;seconaary or implicit manner. _This possible interpretatiori is 
illustrated in (4). - " - \ 

.. if the ELSE_ clause is interpreted in this manner, then the logic of the 
explicit EIS^_^^ditiorial statement fedaces to the standard conditional . ' 
sta^tmerit logic (see the four standard conditional brarich statement A 
propetttes). This interpretation was suggested the way' in which subjects . 
- "somet&es exjiained^e operation of the LOGO conditional branch statement .t<5 
teachers during the sttfdy reported hereT^^ Under this implicit 
interpretation .'of the LOGO cori.aajtionai statement, the semantics reflec^ and> 
are consistent/with the biconditional, interpretation of the logical "if-then" 
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conditionai statanent and as such are thus cons Is tent with the vaii<fety 

__4 - ______ ___'^_ 

principles and inconsistent with the fallacy principles of cohditlohal loglc^ 

_ ^ _ _ _ _ • 

under the material cbhditiohal ihterpretatibh. 

Learning ti3G0 conditionai branch s tat ei^ents under an implicit ELSE 
interpretation, might affect the child'i^ ability to handle the "if-then" 
logical priticiiiles-. Frcm the above * we can see that the informal hypotheses 
tliat could be generated here would be identical to Informal Hypotheses i ' . 
through 4 for the standard conditionai branch statement. ' 

With this analysis complete, I now present an experiment that tests the 
hypotheses that have beeti developed. 



r • ■ < 
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j' THE EXPERi^NT^MD RESULTS 

A. Th e 'besig s * ' 

_ The computer prograia^^ language chosen for this study is LOGo/a 

..language which utilizes the iF-THEN-ELSE conditional branch statement. LCMSD is 

a biSP-like^S computer programming language with an English-li^ke syntax that 

_ __ • ' , . * 

makes it fairly easy to. learn. In fact, LOGO tos developed ^r young children 

to use as a framework within which to learn mathematics. Some claim that it 

, :can help children ieara just about any formal subjectf.^^ 

This study makes no attempt to directly determine which iF-TH^N-EtSE 

interpretation (explict or implicit ELSE)^ holds for subjects rtor is there any 

• attempt to determine whether subjects interpret the logical cbriditibnal 
stat^ent in a material, conditional or biconditional 'manner. • Determinations 
such as these are fraught \d:th methodological dif f icuities.20 

To try to answer the central "r^e^rch^question a post-test only cb^troi 

i " • ' • _ ^ _ i ' " / ^ ^ V 

group design was utilized, it is one of the three "true- designs described by 

Gampbeil and Stanley (1963). 21 Subjects in the fifth^grade' of a pablic 

• eieme^ry school were randomly s^lectei for the experimenC and then randotnly' 
pladed itt, either the experimental or control grpap. Fifth-grad^e students 
(iO-11 years of ag6).were chosen since previous attempts tb teach LGGO ' 
programming to' this age group had been highly successful (Papert, i972a; 
Statz, 1973^':etid the e$f)irical data on this age group's ability to utilize 
correctly the principles of conditional logic" w^s extensive. ^2 ^ 

The experimenfe^J group vas taught the LOGO computer programming, language. ' 
The control group >fes not taught LOGO and received fio special instruction of ^ 
^°y^ind. At the Conclusion of the treatment period, both groups .were given a 
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t ' - \- ' ■ - ■ ; - •• '20^ -< ' ^ " ■ 

series^f tests measuring th^ir cbndi tibhal reasbhl|^ abilities. Tfiese tests > ■ 
were scored in two distinct ways: 1) using the material conditional • 
iiiterprettftibh as the standard of correctness of test answers and 2) using the 
bicoaditlronai interpretation as the standard correctness of test answers. 

\ . . ■■ - - - ' - • • ' ■: _ . 

.See Figures 1 and 2. ..Clearly ^ scoring, the measures under only one interpreta- : 
tibri bf the conditional ^tatenSnt might result in the loss, of important dat^^ 
t^e experimental and control groups were Statistically Compared within both- > 
scoring schemes by split-plbt twb-factbr . repeated'' measures and one-way 
analysis bf vatiance statistical analyses. . , 

B. Subjec;s and Their. Envlfonmeitr ' * . ^ ^ 

This study was carried.put in an elementary schbbl serving a racially 
mixed suburban neighborhobd in Syracuse^ New York. The school was fully 
iategrated having abbut equal numbers of whites and nbn-'whltes in each gradW. ^ 
The children came from fafflili,es that spanned the socioeconomic Spectruni.r 

- Fif,t:h graders were chafeW^^or this study because their age grdup ^' : 

represented the upper-end bf the^cbncrete bperatibrial stag^ of 'cognitive* 
development, clbse tb the transition pe'riod into fc^'rmal bpefat^;ons (inheider 
and Piaget, 1958). All fifth gra^e- teachers were highly codperative with the . 
experimenter aqd-42 fifth graders were chbsen at ratuTojii^ for the experiment. Of 
the 42, 21 were Randomly assigned ?b the exp^rin^ntal ^oup (EG)- and ^he other 
21 were assigned tb the control grbup (blj). One subjedt dropped out of the EG 
midway through- the experiment (the family moved out of tbwn) and was not 
replaced i * . - y-. * . *. 

• "'The following data were bbtained *for each child in the stidy; t 
1. ^'chronological age'- - . . 
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2. sex 

3/ standardized achievement scores (Cal4.fdrnia Achievement Test) - 
4i scores ^ri. the Smith-Sturgeon Cbnditibrial Reasbhlr^ Test (€nnis, 195^9)' 

5. scores* <5n an abridged Arersion bf The Cornell Conditional • ' 
Reasbnirig Test3_Fbrm X (Eririis.arid Paulus, 19*^5) ' \ ? 

6. - scores bh the LOGO Conditional Branch test,: ftor EG only •^(Seidman, 

1.980a). ^ 
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Ifie ^trst three itms were obtained from schbbl recorSs and' are reported, in 
tabies 3 aijd ii .IQ ^cbrea' were libt availibie as :a , natter of- Sctibdl District ■ 
policy. The ranaining da.t,a ttmi were -ob^tained at the end bf -the treatmeSt 
petlttd (except for achievenent p.re-teits whicH were administered .prior to" the 
experimental treatfflen-t). • ."^ 



•: ••• ;■- ■ : • - . TABLE 3 • / i - .- - ' 

MAtES; fBtALES; CHRONOLOGICAL- A(S A^^TC^AfcS. 

><ales .Females • ;' *r6tal : ? 

N . . - CA. • - N : ' \:. Nv : .. CA 



r 



•EG ' : -J^ \ i39-.i4 13 " • ISSvOO" 20 " 13^1*5 ''^ 

: : I (6,87). . .' •<6.9.9) " • (7.06)' f 

CG • 12 139.r5' .9 \ i4d.78 .21' 140.19 

, .• (15.063 (10^07) ' m^T) 



•Note: Number (N), mean chronologle^l age^/n months (GA) and standard deviation 
of CA (in parentheses) of males and females in the experimental (EG) and 
-'contiTpl (eG> groups. * ' • 

■ Pre and post-test (given immediately befote smd 'af ter the LOGCf . . • ' 
. pxpexience) achievement scores were 'kvaiUble for both groups of sabjects. A 
one-T^a^ analysis of variance between xhe^experiientai and control grbups On 
'all six pre-test achievement scopes fbuhd no statistically ' significant 
(hereafter, "signif icSSt'-y/dif ferettce betweeKffe two groups,. iThus, the random 
selection and- assignmerit--if.. gub^cts &eaas to have assured no significant " 
difference between th« two groups on these achievement measures. • .. • ' 

\ Similarly^ a one-way; analysis: of variance between the t4o groups on 
post-test achieyerent score^ fo"und no significant differences. This 'ieems to 
indicate* that. .the experiinentai;' treatment (learning to program in LOGO) did not 
Significantly differentiate the two groups aioiig these achievement measures.. 
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PRE AND JOST-TEST AeHiEVOSlJT SCORES FOR JXPEilMQITAL- AND CONTROL GROUPS 

CAfclFORNIA "ACHIEVEMENT' test" .'■ , ■ 



PRE-TESf .. ■ POST-TEST 



. ■ - ■ MATH . READING MATS 



Vpcabr Compre- \ Compu- Coa- Vocab^ Conipre- Compu- Con- 

ulary- hensiott Total tatioQ Crete Total ulary hensioa Total tatloa crete Total 

• . - • - 

28.72^ 25.0-53.72 38.41 25.83 64.0 / 27.25 25*3 '52.5 41.2 30.75 7195 

(7.19) (7.5) (14.05) (12.5) . (8.43) (20.09) (10.28) (9.2) (18.5) (12.23) (6,39) /(17[93P: 

/^^'^^ 29.68 " 76.26 f- - 29.9' 26.10 56.0 46.47 32.21 :78:68 

(6.76) (7.82) (12.63) (9.84) (4.74) (13.87.)! (6.24) : X8.42) (12.9) (9.0) (4.6). v fl".'?) 

4eafl achievement raw scores and standard deviation^ (in. parentheses). Missing values are -^claded frba the 
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A ccSpirlion of thi pfi «nd post-test «chi«vefflent scorei for the EC was 
perfbrnid by^i repeated meas'urei teit (Mbrrlibn^ 1967^ 133-1415. Significant 
differences, fivoring the pbix-tcst^ were found for the «ffth compotatton 
' iubscbre ' (F* hA. 2&i <ff ■ t ^ 1 7 ) ^nd for the math total aeore (F-lb,8, dt^l, 16). 
^ Thii sane analysis performed on the control group found sighificiht . 

differences, favoring the pbst-tcsti for reading total scores (F-4i65, df-1, ^ 
i^)* math computation subscdre (F-5.34, df-l , 16) and math totajUacore 
(FS7.«5, .df-1, 16). : . i ' i 

^'his anaijr^ii^^^^ that the CG improved significantly in their total 

readijOj$ ^core bqt^on all other achievement mc.iiures were identical to the 
experimental group. . 

Four portable teletypewriter computer terminals connected. by telephone- 
It nertb^"* the S University PDP^IO c^uter wete situated, along with the 
Vv^^^^^ in a -rectibn of i the mathematics laboratory in" the school. 23 the 
mathematics laboratory \tas a separate rooni that served the school as a 
resource center for mathanatics skill building and enrichment. Children came - 
to do LOGO wbrfc in groups of fours and on a scheduled basis: one hour 
sessions, twice eadi wedc for a total of fifteen weeks. This meant that each 
child in the^iBG" received 30 hours of LOGO instruction and experience (all 
missed periods v^re made up). Each child hU^ciusive access to a time-shared 
teletypewriter and the chiidrl^ in each LOGO group took turns using the 
Turtles There were alwiys- at least two LOGO teadiere present at each of * the 
sessions.- 

LOCO prbgrammlhg ras taught to the EG using a guided problem centered 

^ ^_ ' ■ -J . __ _:_ ____ _'_ 

approach modeled somewhat af ter ^Papert's work with children (Papert, 1972b). 
After some ^ry. basic instruct ibh in the use of the teletypewriter and Turtle, 
the children v^re_encouraged to generate their own projects' and problems. 
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The LOCO teachers hid. a range problem, types that they suggested to the 
cjSiidrcn so that they would encounter and learn various LOGO prbgrammlhg 
conccptsi All teachers tried to Ihcbrpbi^ate a series of LOGO concepts into the 
children's .project experiences. Figure 6 contains „a Itat of these concepts^ 



1. familiarization with machinery^ typihg^^, signing oh and off 

2. ' procedure fotm - TO* ENp^.and use of PRINT • 

3. telety^ designs usijig PRINT v 

5. .simple Turtle procedures using the Turtle commands: FORWARD, 

BACK, RlGftT, LEFT, PENUP, PENDOWN _ 
5. use of subprocedures wjth teletype and Turtle 
6i. use of open-ended recursion (i.e., no limits imposed to stop 

the recursion) 

7. introduce NAME^ THING_a_nd the use of inputs 

8. introduce SENTENCE/ SENTENCES ^ WORD and WORDS 
?. introduce RANDOM 

10. introduce TYPEINand some interactive games 

introduce the conditional statement: IF-THEN-ELSE 

12. use of full recursion: *rf.th inputs 

13. use of stop rules and limitas * 

14. use of recursion, OUTPUT and cOTibiiiatibns bf prbcedures 
using OUTPUT. 

Figure 6. List bf LOGO Concepts and Approximte Order introduced 

>ted fro^ Statz, 1973, Figure 11) 



Projects and problems chosen by the children with teach.er guidance 

^ . - __ ' ^ -_ ^ - - 
ge,neraHy broke dbwn into three categbries: simple prbjects , projects _ ' 

utilizing variables , and prbjects utilizing 'decision potnti ^ See Figure 7 for 

scae examples provided by Statz (1973). No order of encounter is , implied by 

the list. LOGO teachers (with extensive f raining) guided the children thrbugh 

these prbject types making sure that t*&e cbncepts listed in Figure 6 were 

taught. Althou^ the children did much of their LOGO work alone, they were J 

encouraged to help one another and as a result ^ .a cbnvivial and cbbperative 

atmbsphere pervaded the sesslbhs. i ^ • 
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Simple Projects 

1. Tele type. Projects - designs of initials, animals, figures ' 
- to be printed I combinations for complex flgtwesi "simple 

recurslbri" , ; 

2. Turtle Projects - designs done with strings of turtle commands, 
complex figures using several subprocedures of simple designs, 
••simple recursive- circles arid riear^circles 

^. New^ Concepts - prpcec^^ subprocedure, edi^ng, recursion, - • 



4.. - NewXOGp Canmands arid Operations - TO, END, EDIT. SAVE GET 
LIST, ERASE^ Turtle commands * 

Projects with Variables 

1. Teletype Projects - procedures with variables as inputs to 
arithmetic or language games 

2. Turtle Projects - expandable figures 

3. New Concepts - inputs, variable names and values 

4. New LOGO Commands and Operations - MAKE, TYPEIN^ string 
operatibhs 

Projects with Decision Points 

li Teletype Projects - games with Hiits and conditional branches 

2. Turtle Projects - designs built on arcs 

3. New Cbncept^ - limit, stop rule, cottditibnal 
New LOGO Commands and bperatipas-TESTi IFTRUE, IFFALSE, GOTO 
LINE, relational operators, tlF-THEN^EESE] 



Figure 7. Categories of LOGO Projects ' ; 

CStatz, 1973, Figure 12) 

A central focus of the LOGO experience for the children ias leaSiSg to 
use theiOGO conditional branch .'stafc^ht within thei^ LOGO procedures. The 
e:cperimental group was taUght the "IF^N-mSE" form of the LOGO conditional 
branch statement. The childKn were usually exposed to the LOGO conditional 
branch when they needed to execute different parts of their LOGO procedures • 
depending upon the value of a particular LOGO variable. These kinds of 
situations arose often in game playing ^and question asking/lnswe ring 
procedures.. Children also need^ to acquire the concept' of LOGO conditional 
branch v*en limit points fn iterative and recursive procedures sere needed. 
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Fbur stages of acquiring lOGO cbndlt^nal branch s tat aaeht* syntax and 

semantics have been identified by Statz They are: 

!• Introduction Stage * The need for conditional branches usually crops 
up^in the context of a problem situation that the child is worjcing oh. For 
example, if _ the child is writing a number guessing procedure that compares a 
randomly generated secret number against a user's guess^ the teacher might 

■ • ■ '/ , . - 

>10 IF : GUESS ' : SECRET THEN HliNt "RieHT" ELSE PRINT "WRONG" 

_^ A child mfght wish, for example, to print the integers between "x" and 
— ^y," inclasive. The teacher -taight demonstrate this solution: 

_ ■ ■ - _ ■■ . - . ■ . ; ■ 

>?TO^OUNTUP .:X :Y 

>10 mNT :X : 
>20 "X^<^ (:X+15 

>30 IF :X y :Y THEN STOP ELSE G©Tb LINE 10 / * 

>40 END ' ' 

* It is in this stage that the semantics and syntax bf^he LOGO conditional 

branch statement are illustrated and introduced to the students 

2. Structure and Re-explanation S^age * SoSe times children need help in 
. determining just where in their^ procedures to place the conditional branch. 
These are structural problems and are not directly, related to the syhtak arid 
semantics of the conditional itself • On the other harid, childreri sometimes 
need a re-explanation of the general, aspects of the syntax; arid semantics of 
the LOGO conditional statemerit. Misplaced arid frajgmerited conditionals were 
found to be frequent, at this stage of learriing the LOGO conditional branch 
statement. 

■ - • V ■ . : ' _ _ , ■ i 

. - • _____ _:__ _^ _/ ,_ _r _■ _' _ _ _ _ _ ._ ; 

^ 3# Reminjiyg St^ge> Here, children need only simple reiziinders about the 
syntax and semantics of the LOGO comiltional branch statement^ rather thari 
re-explanationsi Often, "children compared the wrbrig variables iri the Ibgicar 
expression and sometimes th^ would mix up the ^lacemerit of the THEN arid ELSE 
clauses; Simple remiriders were found sufficierit to correct these conditions^ ^ 

4* Fluency Stage . At this stage, ^ildr en easily placed the conditionals 
correctly .within their procedures and ^^erstood the sjmtax and semantics to 
the pblrit where »ery few errors occured* 

Although LOGO teachers were especially cbilcerried that all childreri reach 

this last stage, not all of the subjects iri the EG achieved the Fluency Stage 

(see neact sectibri). / ^ 

/ ^ 
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Fteasiires and Results ^ ^ 2 ^ * 

1* fceGe_ebttdtttonai Branch Statement 

the LOGO Condi tidnal Branch Test wa^ devised ta test how well the EG 
understood the semantic^ of thfe LOGO conditional branch statementi The 'i 
questi6txsL:ahd:testeri:s^^^ 

in Seidman (i980a). The test measured four aspects of the LOGO conditional 
branch statement logic. Thise aspects ^ in their general form, are shown in 
Figure 8. / . ^ / : ^ 

/ ■ ■ ■ ■ ^ : * 

Given that "a" is affirmed^ is it true that "b" 



occurs? 

2i Deny Consequent^ ; Given that "a" is denied, is it true tha£ "c" 

occurs? V ' ^ ^ ^ ^ ' 

~- J> " •_ _ _' • _ ___ > 

3. Cohsequent-Action "b" Qccura ; Given that "b** occurs, is it true that" 
-a" is .affirmed? ^ , , 

A. ^Conse quent-Action "c'*^ <wrs ; Given .that "c" occurs^ is it true that 
"a" is denied? , ^ 



Figure 8. ^ Four Aspects of the LOGO Conditionai Branch Statement , 
Tested^LOGO Condition^ . " ' 

(The General form of the LOGO conditional statement i« 
, IF a THEN b ELSE c) " 

^ ■■ .V ■ ■ • . : ^ ; ' * ■■ • - ' 

In the test i the antecedent-prbpbsition, "a," alrays consisted o^two 

integers cbhhectea hy an equal sigtXi Consequent-actions, **b- and **c,*^ always 

consisted of a PRINT command that output a very simple and familiar irotd (a 

LOGO literal). Questions 1 and 2 in the test i^re designed to deterijihe 

whether or riot the subject knew that **a" was true when two identical mimbers 

were connected by t^e equal signs Questions .3 and 4 in the test are designed 

to ^determine-^vA.ether: the sub ject correctly understood the workirigs of ' the 

, . _. _ _■ • _ "_. 

PRINT connnand. All of the subjects in the correctly answered test Questions 

I'thirdugh 4. - _ i 
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the reaiainlng twenty-four ; questions in the test. were made up of 6 
questions fbt each of the four^aspects of the tosb conditional branch • ' 
statenerit. These questions were randomly arranged' with the proviso that, no :;t:wd 
questions in a^ one category, cduld follow brie another. Each question in the 
ztest had four answeVs .to chbbse f rom. - The last twa answri-^re airays^r 

c. ) can't tell from the information given ; 

d. ) don't know. 

■■ ■ . : i : . ^ /: . \." _ . 

The correct answer and an incorrect, answer were raridbmly assigned to the - 

« 

first and second answer choices. Scoririg was quite stringent; A subjedr^wai 
given a correct score on a question only if he or she chose, the correct answer 
from ambrigst the four choices and gave the correict reason for answering as he 
or she did. Example questions and correct sainple 'reasbris for each of the 
aspects of the LOSS conditional, branch statement are shovm in Figure 9i the 
tester pretends J with the subject, to type a tOGO conditional branch statement 
on the teletypewriter. The subject and the tester also pretend that ^the 
-terminal- responds. The "XXXX- bdx in the examples iridicate the part of the 
-input- conditional stateinerif or the "terminal- response that is covered up . - 
for the gurpbse^bf ^he-test. 

Table S.shora the means and standard deviations of tlle,EG scbres bri each 

1 ; _'. _ _ _ _ _ __ _ ^ _ : ■_ 1 _L _ _ ' • 

of the four aspects of the LOGO Cb&ditibrial- Branch Tes5t and the total scores^ 
in addition, the table shbws wbat percentage of the subject^' obtained 5 or 6* 
correct answers (but of 5 for each aspect), 4 correct answers and less thatr 4 
correct ansi^rsi 

■ ■/ 




R Affirming the An t^c^detit 

_ilF_ l3 ^- 18 TOEN PRINT. "HORSE- ELSE PRINT "GOW" 
XXXX Ah^vefs > — ^ 

a. COW ' 
• bi HORSE 

^' ^ Ci can't tell from the infbmatibn given 
* _ , j . ! " . A* Ap"^^ ^ - _ 

■• 'r' Sampl4 Correct Reason for Correct Answer, "HORSE" : "Since .18 is ^qual to 
18 J HORSE gets printed" or "HORSE is printed because 18 is equal to^Si" 

!• Denying the A ntecedent _* 

' — V / , V -y \ 

?IF. 15 » 19 THEN PRJNT "HEAD" ELSE PRINT "FOOT" 
XXiXX . • . * . Answers . 

'< : .\ •* ' ' a. HEAD- . ' . } 

• ' ; ; • " ' \ : b. FOOT . _^ 

■ - • c. ^an't tell fr^ the info: Nation given 

' > •■ di don't 'taow / 

: • S^ple Cbrr ect Re ai bn fog Corre c t Answer ^-"FOOT"r "15 is not equal to 19 
so Fobs is printed" or "FOOT is printed b^Lcaiis^US and 19 are not the same*" 

3. Conseijuent-Actibtf^"b" Occurs * , . 

. ?IF XXXXX THEN mNT "RCRDM" ELSE mN^^ -• ^ 

ROOH . .^s^rs-; ■ ^ 

a. 3O«30 •: 

; . ■ .; . b. 37-35 ^ . ■ • 

• Ci' ban' t .tell fran^he information given 

dj adn't know "•■ " • 

Sample 'Correct Reason^ for Correct Answer^^O«30^ ."R0€M? had to be 
printed becau^ 30 eqiais 39 must he^e been* under ^ the box" or "it must have 
beei 30«30 under the box because .RO^ ras priiit'ed^" . 



Consequent-Action "c" -Oc^ur^ - ; - 

■ ■*.■*_' ■ - 

ffiOqa, I^N PMSt "EAR". E^ 
NOSE * \ ' Answeys ■ • 

. ^ • ' . a. 52-57 . . ; ^ 

b. 55-55 -V • \ ^ ^ 

Ci can't tell .from tlbe infortnatioij- given 
don*t know , • * 



:t Reasdti for Cbrrebt Answer^ "52-57"; "NOSE was* printed 

because -52*5? was after < the IF" or "It pis t have been 5^57 Because NO^E ras 
.printed." ' . * . 

Figiire 9** Sampii^ Questions >^:-^ 

and Sample Correct ReaSbhs fo'r CoriTect Answers 
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tOXftL SCORES Mi) SUBSCORES ON LOGO CONDITIONAL BRANCH TEST 





Affirm' 
__ Antecedent 


Deny 
Antecedent 


Cottseqaent 

Action 
"b" bccurs 


Consequent 
Action 
— "^c"— occurs 


Total 


Mean 




)■ 3.95 


5.251 


4.1 


17.4- . 



Standard " ■ 

Deviation 0.45 



* 5 or 6 
Correct 

4 

Correct 



95 



Less Than 

4 Correct 0 



0.22 



0.639- 



0.447 



25 



15 



95 



7(3 



80 ' 



5 - 



ii07 



In each . aspect of the LOGO cbriditibnai fcratidh statement tested: for, 95% 

or more of the experlmehtal grolip answered 4 or ^ore of' the '^queitions 

correctly. If we use the Eimis criteria for maste^^^f logical fconditional 

"Statements nnis and :-Paulus, . 1965), we; caii say that for 'each aspect of the - 

LOGO conditional branch statement i 95Z of the experimental grbu^ satisfies the 

necessary cbnditibh of mias?tery. 

N In addition, if we define LOGO conditional branch statement Fluen cy * as 

meeting the sufficie nt condition for mastery (5 or 6 but of 6 cbrrict)^ then 

» \ ■ -. 

w can say that most' of the experimental subjects were fluent bh affirming the 

antecedent but very few «rcre fluent oh the other three LOGO conditional- branch 

aspects. Hbweve^ri if we define being in the Reminder^ Stage as meetitsg the 

■necessary condition for mastery (at least 4 but- of 6 cbrrect)^ then we can ^ay 

that at least 95Z of the experimental subjects were at this stage for each bf 

the four LOGO cbuditibnal brandi statment aspects^ 
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2. Principles of Gondittbrtai Lo^lc 

There are a nutaBer of w^ys reselrchers have gone- about measuring ' 
perf oiffiance 01% the prlri^^^^ conditional log±ci24 ^^is study two 

disjunct measures devised By Ermis ind -his- Associates were used: an abridged 

~; • version of : the ebrneii Condi tibnal Reasdhicig T^it 7 Wrm X (CCRT) and the ^ 
Smith-Sturgeon Conditional Reasbriirig Test (SSCRT). The GGRT (.ErSis and Paulus^ 

^ 1965) is ^ paper arid pericil test and the SSGRT (Ennis, 1969) is a cdiicrete 
mai^pulatTori test^ and were both devised to measure the same prlriciples of 
conditional reasoning. The two tests are complemeritai^ in that the SSGRT \^s 
_ crated to avoid the dependence upbri reading skills that is characteristic of . 

the CCRT* To my knowledge^ these two tests have never been used in the-same 

" • • ^ ■ _ ■_ _ • . • " 

experimerit to measure principles of conditional logic* 

The test^BMuits were scored using both a material conditional 
interpretation and a blconditidrial- iriterpretatibn 'of the logical conditional 
statement. The bt^y pogsltle differences between the: to^o-^ scoring schemes can 
appear in the fallacy prlncipleSi^S 

a; Cornell Cbnditionai Reasoning Test 

M abridged version of the Cbrriell Conditional Reasoning test. Form X was 
used in this study tb measure both' the control and ©cperimental group's 
tinderstaridlng of the four principles pf condi^^lon^ logic (see Figure 1). The 
original test was cut in half for this pur pbse^ as Eririis and Paulus (1965) 
suggest, and the questions lised were .randcway mixed 'with the proviso that no 
two* questibris from any one itm ^oap appear on the same page. The two Itan 
groups of -questions pertaining to Transitivity are excluded frcxa the data 
analysis reported here. . 

Because of. the split-plot repeated ^easures postr test-only control group 
Vdesign utilized in this study, s&jects took this test at different times. 
However^ Whenever the test was taken, it was taken at one sittings 
— .". - ♦ 

ERIC : A ^ ^ : .: : - • - ': 5f ^ ' • ^ ' . ■ =. ' ^ 
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table 6 shows the means and standard deviations of the scores on the fbiir 
principles of cotiditiohai logic linder both interpretations for the EG. In - ■ 

addltiptii the table shows the percentage of th^ subjects in the -xrfio 

' * ' * 

correctly answered 5 or _6 questbnsi 4 questions and less. than 4 questions for 
the various principles. Table 7 presents the same data for the CG. 



; TABLE 6 . 

EXPERSSENTAt GROUP !ffiANS AND MASTERY DATA ON FOUR. PRINCIPLES 
eONDITiONAL LOGIC MEASURED, BY THE CCRT 



Mean 



SD 

5 or 6^ 
Correct 

m 



Less than 
4 correct 

a) 



Forward 










Cbhtra- 


Conditional 


Inversion 


Cbnve' 


•sibn 


Fbsitibnal 


MG/BC 


MC 


BG 


He 


Be 


we/Be 


3.1 ^ 


1.65 


3.8 


" 1.65 


r 

. 3.85 


2.2 - 


1.41 


Ii49 - 


1.9- 


1.30 


1.69 


• 1.54 
















' 0 : 


40 


d 


40 


10 


. 20 * 


20 


15 


10 


15 


■ * 10 • 


























65 


80. 


45 


90 


4 


80 















■ - - - - . ^ - . 

Nbte: "MC" stands for material cbhdltibnal interpretatibn of answers; "EC- 
stands fbrbiconditlbhal intefpretatibn of answrs; "MC/BC" indicates that 
bbth IhterpretaClQQS: give tfie s^e result Si . : 
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TABLE 7 



CONTROL^GROUP MEANS AND MASTERY DATA ON fOiJR' PRlNeiPtES 



Mean 



SB 

5 or 6 
Cbrrect 
(2). 



m 

l«88 than 
4 correct 



OF 


CONDITIONAL 


Loeic 


JffiASURED BY 


Tiffi ee'Rf 




Forward 
Conditional 


Inversion 


Conversion 


Contra- - 
Pbsitibnal 


MC/BC. 


MC 


BC 


MC ■ • 


BC. 


MC/BC 


3.19 

•> 


,1.80 : 


2. 19 


1.66 


3.3%'; 


" *: 2.33 


1.43. 


1.47 


1.59 

* 


r.27 


;< 
1.^^5 


1.51 


19 ;- 


0 




.0 


19- 




19 


19 


14 


10^,^ 


19" 


9.5 - 

■■ •f.n.- 


62 • 


81 


76 


90 [\ 


62 


§1 



-^ote: -Me- stands for ^aaterlal conditional inteiTSretitibn of an^wer^^ 

stands for biconditional interpretation of answers; "MC/BC- iifilicates that 
bbth interpretations give, the same results. 

Notice how IramatiGally better ^e EG does on the fallacy principles 
ander the biconditional iaterpretati^ns^r Inversidnyja total of 55Z satisfy 
,the necessary ^condition for mastery compared to 26Z: ;under the, material 

- - ' - _ _- - _ _ _ _ _ ' _ _ y _ ■ _ ' '_ ■ 

cbnditibnal interpretatidti. For Convefsibn^ 552 satisfy the necessa^ - 
Condition for maste^ -compared to 10%, under the material cundltional 
interpretation, t^e rMults for the CG tinder the bicbSdltlbnal ihts^pretatidh 
for the fallacy principles are less dramatic. For Inversion^ 24% satisfy the 
necessary cbnditibh for mstex^ compared to 19% under the material conditional 
interpretatibni For; Go^ersion, 38% satisfy the necessary Cbnditibn fbr ' 
mastery compared to 10% imder.the material cohditibnal ihter^retattoni . 



b. Smlth-Sturgedh Conditional Reaso^^ 

•i^The btSer test used in this study to measure the ability to utilize 

correctly principles rof conditibhal logic was the SSCRt. This test colisists of 

- - _ _ -_ _ • - - _ " ' _ ■ • * 

'two parts: a house part and i cK^mical part^ Each part was separately 

aamihijtered in a raftaora fashion to each child iti the study. For both parts of 

the test, the tester must first determine whether or not the subject * 

.understands the Fof^rd Conditional principle befor^ the subject is ^allowed to 

proceed with tlie test. All subjects understood this principle and all 

----- 

allowed to proceed vrtth the test." Both_:parts of the test meastired inversion. 

Conversion, eontraposition and Tratii-itivity. Transitivity scores were , excluded- 

frc»i the data analysis' reported in -this study. 3 

' ' 

— ■ - - - — - , ' ■"*.-■ f.- 

Table 8 shows the mean and statpdard deviation scores for the EG oh each, 
of the three principles as well as the percentage of the group that answered 5 
or e.questions correctly, 4 questions correctly and less than 4 questions ■ . /-^ 
correctly for each principle. These data are presented for both ititetpt^- 
tatlon of the test questibn answers, table 9 presents ^the^^ni^ data f or \he 
^CG. ' ' • ^ . ' • 

Notice that for botU tHe^ experime^ and control groups, a sizable 
propor^ipn^d^^^ miet. th^^^ssary condition for mastery. For both groups^" 

conaidetably irore. subjects meet^ the necessary condition for mastery-. under the 

bidonditionai interpretatijon than under tlie material cdhdittonal itttetpre- 

__>^' >_ ■ ■ 

tation* . . >^ ' 
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TABLE 8 . . • 

EXPERI>ENTAL CROUP ; >ffiANS AND MASTERY DATA ON THREE PRiSeiPtES 
• OF COlJDITIOflAL LOGIC ^ffiASUREB BY THE SSCRT 



X aversion 



Hoa s e Chemic a l Total 



MC 



5-6 4 Less thaii 

Correct J "Correct J 4^ Correct 

g) m (X) 



d.is 

(6.49) 



2.15 



2.3 



(1.535 /(i.66) 



20 



75 



BC 



1.75 
(0.55) 



hlO 
(0.97) 



2.85 
(1.27) 

— 3U- 



30 



65 



MC 



Cbnverslbh 



0.40 
(0.60) 



2.15 
(■1.42) 



2.55 
(1.73) 



15 



10 



75 



Be 



1.35- 
(0.745) 



i.scr 

(1,28) 



2.85 
(1.7) 



25 



.60 



Contra- MC/ 0.65 3.5 
position BC (0.875) (0.88) 



4. 15 
(1.18) 



35 



50 



15 



Note: "MC" stands for material, conditional interpretation of answers; "BC" 
stands for biconditionil interpretation of answers; "MC/EtC" indicates that 
both iriterpretations give the same results.. ; . 



( ■ ■. 
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TABti 9 



teNTRSt GRQUf bffiANS MASTERY MTA ON TOREE PRINCIPLES 
OF CONDITIONAL LOGIC MEASURED BY. tIe . SSCRT 

^- - / , 5 ^ _ • • 4 > liess than 

House Chemical Total J Correct iSorrect 4 Cor tec t 



MG 



Inversion 



0.95 2.33 ^>38, 
(0.22) iU^A) (1.32) 



BC 



i ■ 



1.81 1.14 2.95 
(0.40) (0.96J - . io.m • 



Cooversion 



MC 0.48 1,71 2.19 
(0.81) .(li4|) (1.83) 



14 



BC 



1.43 2.05 3.48 
(0.87) (1.32) (1.75) 



24 



•Contra- ■• He/ 0.57 2.81 , 3.38 19 
position 7 BC (0.81) (li25) (1.63)- - 



19 



24 



38 



33 



76 



7i 



81 



38 



48 



Note: "MC" stands for material conditional interpretation of answers; "BC" 
! Stands for^biconditional interp^^ "MC/BC indicates that 

; 'bdtfi interpretations igive the same results. - , • 



j c. .^Corteiations: LOGO Conditional Branch Statement^ and Principles of 

; Conditional Logic 5.;" v j 

i. Table 10 sHovre the Pearson Prbdact MbSent corf eiatipnis^ -b^^ EG° scdres 

|. on the four, aspects (and total^) of the LOGO cotiditibnal branch sfcatanehts 

i measured by the LOGO Conditional Branch Test and the four principles- of 

I conditional logic otf peastifed By the CCRf and SSCRT ^def both the materikl 

,' ,cdna±tibnai and biconditional iiiterpretktions. 



TABLE , 10 



c6RREilATI0^lS BETWEEN PRINeiPtES OF eeMDiTIOMAI^LdGIC 
ANB hom eONBiTiONAt BRANCH STATEMENT ASPECTS 



j|orward CCRT MC/BC -.1001 
Qandltlbrial 



_ LOGO Cdnditibniistatenerit Test 

Affiming Denyiag Aftimihg Aff 



-•4839 



c 

_Q 
1-1 

SO 

u 



_Q 

> 

■ e - 
o 



I e 

Q O 

; c -H 



HC 



CCRT 



.2595 



.^909 - 



.2060 



-. 1330 



BC •• 



.08599 



.4620* -.1702 



-. 1580 



^ MC 



-.1136 



.1846 



-. 0248 



.241 



SST-T 



BC 



.0278 



-.-^134 



-i2112 



.0278 



MC 



1528 



,2967 



,2361 



.2428 



CCRT 



BC 



.1597 



,2509 



-*1580 



-. 3959 



.2361 



.1574 



ssr-H 



,.0393 



.0876 - -.1835 . ' -.265 



.231 



-.03? 



MC • 

SST-H 


.1683 


• ;0722 


-.1253 


• -.0722 


,-.019 


BC 

> 


-.0170 ^ 


-.0169 


-.1124 


■ .1070 


-.087 


MC 

ssT-e 


-.1768 


.1768 


.0135 


.2843 


.0878 


,Be 


.0972 


-.2188 


-.2128 


-.0243 . 


-.139 . 



.075 



-.143 



.359 



-.136 



^ .1445 



BC 


-.4264 


-.2053 


-.0830 


.2053 


-.180 


MC , , 

SST-C 


.0578 


.3552 


-.1012 


.2230 


. .128 


; BC 


-.0921 


•--.4606* 


♦ -.0958 - 


-. 1842 


-.263 


1 ^hcno 

SST-T 


.1291 


.3466 


-.0832- 


.1971 


.155 • 


BC 


-.2569 


-.4375 


-.1094 


-.0486 


-.277 


CCRT MC/BC 


-.335 


-.4270 


-.2671 


-.2594 


-.4859* 












SST-H MC/BC 


-.0404 


.1748 


-».1177 

n 

■ -'-^ 


;0541 

' >- 


-.oip ^ 


SST-C MC/BC 


-.1325 - 


.1325 


-.139U .. 


.5298* 


.108-7 



V 



Note: "MC" stands for material concHtional ihterptetatipn of answers; "BC" 
stands for biconditional interpretatibii. of answers; '"MC/BC" indicates that 
bqth interpretations ^ive thi same results. "CCRT" * Cornell Cohditionai 
Reasoning Test^ Fbrm_X._ "SST" * Smith^Sturgeon ebnditional Reasoning Teat. 
"-H"^2^bu8e Part. "-C" - Chemical Part. ' "-T" - Total. * - statist ipally 



different from zero. 
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Nore that in Table 10^ the'only correlatidri total that we can say lis 

significantly different frcm zero is the one with the CCRT Gontrapbsitibn 

priiibipl^ and that one is negative. All other correlations between logical . 

principles and total t06O eonditibnai Statement Test scores are riot ' 

significantly different from zerb^ The critical value^ at the O.OS^l^vel, for 

>; the Pearson Correlatibri is O.AAAyydf^lB^ See Rbscbe (1969, Table A-li)i 

E% Hypotheses arid Inferential ExpertmentaL Resolts 

We TOnt tb deterndne irt^ or not the EG affect^ by ariy iridirect 

. instruction in the four principles of cbriditibnal logic ;^ as a resiilt of the 

LOGO experiericer. Nitll hypotheses are developed, for the validity and fallacy 

_____ " ' *' 

principles. In all of the inferential statistics reported in this sectiori, a. 

separate analysis was made with the pre- and post-test, achievemerit scores 

statistically pai^t^alled but' (analysis bf cbvariahce). Since there^ was' nb 

effect due tb the partialling^ the nbn-partialled statistical results are 

repbrt;ed-here. Results at the 9.95 significance level are considered tb'be 

statistically significant. ' / 

1. Validity P rinciples 

Hypbthesis 1. There is hb significant difference between the 
experimental and^ontrol grbups bn the Fbrrard Conditional principle wheri the 
teat measuring performance on this principle is scored under the material 
cbnditional/biconditional interpre^tation. 

the CCKT t^s used" as the^sble measure bf this principle. Recall that the 
material cbriditiorial and bicbhditibhal interpretatibns (and thus the scoring) 
bf the questibn answers are identical for va^lidity principles. Table 11 ^shbws ' 
the results of the one-way analysis bf variirice that tests Hypbthesis 1. 

There is rib sigriifiiaiit difference between the expertientai and cbntrol 
groups bhj:he Fbrward Gbriditibnal principle under the material conditional/ 
bicbhditibnal interpretation as measured by the CCRT. Thus, Hypbthesig 1 
cannot be rejected. " - 



' ■ TMtE ii 

■ ■_ J 

ONE-WAY ANALYSIS OF VARIANCE TEST FOR HYPOTHESIS I 
Source . V * SS df ' J^S F 

Be tween Groups 0. 0838 1 : ,0. 0838 0. 04 1 

Within 'Groups 79.04 39 . 2,027 ^ — ' 



Total 79^12 40 



• Hypothe sis 2. piere is 110 significant difference between the, 
ex^riment^l. and control grbups on the Cbritrapbsitibh principle when tests 
. measuring performance on this grihciple are scbred under a^ material 
conditioiial/bicbnditibri^ ihte'rp^^ 

The CCRT and theSSCRT are two separate measures invoiced in testing this 

hypbthes^i^i these twb tests were administered in a random order tb all 

subjects. The tests were given a number of different times and' subjects were 

randomly chbsen tb take then. It was thus possible to test this f^pbthesis 

using a split-plot repeated measures statistical design. This design is 

described in detail in Kirk (I968), Kodrof and Rpberge- (1975) utilize this^ 

desi^^ in their experiment which used a cbhcrete materials and a verbal form 

•- _' _ _ _ * ' d" • • __ ._ 

bf a test tb measure two principles. of conditional logics Table 12 shows the 
re^ults^for Hypothesis 2. 

Table 12 shows a sig^ficant inain effect bf measures. An examination bf 

Tables 6> 7 and 9 shbws that bbth grbups did significantly better on the SSGRT 

- •• . ' - _ ■ _ _ _ _ . ■ ^ 

than on the CCRT when measured on the Contraposition principle. There wete, 

_ ■ _ _ _^ _ _ __ ■ ' ■ ' . . ^ , _ 

^however, no significant main effects for groups and measures. Thus, there is 

-do significant difference between the experimental and cbhtrol grbups on the 

Cbritrapbsitibh principle under the^ material cohditionai/biconditionai 

interpretations, as measured by thfe CCRT and the SSCRT. Thu^, Hypothesis 2 



cannot be rejected. 



\ 
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TABLE il 



, J SPLIT-PLOT REPEATEB hEAStJRES TEST GF fflPOTHESIS 2 

% , ■ • ' _ 

Source ' SS df MS F - 



Between Subjects 79.488 > 40 - — — — 

Groups • . 2.737 1 ' 2.737 1.39 0.244 

Error^ 76.751 39 1.968 — . ~ ^ 

Within Groups 145.500 41 — * _ 

Measures 48.402 1 48.402 20.133 0.0002* 

Groups X * 

.Measures 3.337 1 3.337 1.388 0.2444 

Errbr^ 93.761 39 2.404 — , — 

:Totai - . . 224.988 ^ SF — ' — ' 

Note: indicates sighificknce at the .05 level* 

' k ' ' - . . * ' 

2.^ Fallacy Principiea - - 

• * ftyp othests 'S a^ there is no significant difference between the ^ 
experimental and control groups on the Inversion principle when the tests 
measuring perfortaance .on this_ principle are scored under the material 
conditional itfterpretatibh. ^ ; 

^ Hypothesis 3b. There Is no significant differenbe between the 
experimental _ahd_ control groups on the inversion principle when the tests 
measuring performance on this principle are scored under the .biconditional" 
interpretations '^J ' ' ' ■ 

A*^split-plot repeated measures statistical design, similar to £!ie one 
that was performed to test Hypothesis 2, was utilized here. Table 13 shows the 
results for Hypothesis 3a and Table 14 shows the results for Hypc^thesis 3br 

Tabife 13 shows no sigriif itrantvresults. There is no significant difference 
between the two groups on the Inversion principle under- the material 
conditional incerpretation as n^easured by the CGRt and SSGRT. Thus, Ifypotheris 
3a cannot be rejected. Neither- is there a^ significant difference . between the 

• two measures used to test performance on this logical principle^ nor is there 
|any interaction effect between ^he groups and tests under'^the material 

U - - - - - * -. , 

Conditional interpretation. 
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Table 14 shbws significant groups and iriterlctidh (groupsXm^^ 
effectsi The simple fflain effects analysis, presented in Table 15 along 'with, 
the means presented, in Tables 5, 7, 8 and 9, shows that the experimental group 
did significantly better than the contrbl group on the XCRT 'Inversion items_» 
Thus, ifypothesis 3b can be rejected.25 * . 

In addition, Tabliss 6, 7, 8 and 9 indicate that the experimental group 

did significantly better on the CCRT Inversion itCTS than they did on the . 

SSCRT Inversion i'tems. And, the control group did significantly better on t^^ 

. SSCRT Inversion items than ^they. did on the CCRT Inversion Items, . 

Hypothesis 4a , There is rib significant difference between the 
experimental arid control groups on- the Conversion principle ^en' tests ' - 

measuririg performance on this principle are scored- under the material ^ 
cbriditiorial interpretation, , 

/ Hypothesis 46^ There Is. no significant differerice between the 
experiment ai^nd control groups on the Cbriversibri principle x^hen the tests 
measuring performance on this principle are scored under the biconditional 
interpretatldri. " 

■- ' -' : ■_- ■ * ' ' ' . ' ^ 

_ A spiit-plbt repeated measures statistical design, similar to the drier ^ ^ 

that t^s performed to test: Hypothesis 2, \was utilized here. Xcrble 16 shows Vhe 

results for Hypothesis 4a and Table 17 shbws the risults for Hypothesis 4b^ 

Tables 16 arid 17 shbw rib significant results. Thus,- ^pothesis 4a and 

Hypothesis 4b cannot be rejected. There is no significant difference betweeri . 

the two groups on the Conversion principle und^r the material cbridltibnal 

interpretation and under the feicoriditibrial iriterpretation as measured by the 

_ _* , *_■■_ 

CCKT and SSCRT. Neither ik there any stgnifiqant difference between the two 

measures use! to test this logical principle under either 'the material 

conditional or the biconditional interpretatidris. Firially^ there is no 

interaction effect betweeri , the grpiips arid the tests used to measure 

perfbrmarice bri the Conversion principle under the\material conditional^ and _ ' 

biconditional interpretations, : 
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• * " :> ". TABLE ,.13 . • - . : ; 

* - > . • » . * . « t . 

SPtit-PibT REPEATED ^ffiASURES TEST- OF lffPOTHESis 3a^ 



Source 



SS 



df 













1 • 


Between Subjects 


66i902 


40 ■ . : 








. Sroaps ' . 


OiOOd 


1 


0.008 • 


, 0.0049: 


^ D. 9429 


Brrorg \; -' 


66.894 


-39 • 


1.715 






Within Subject's 


iii.sqo 


41 








Measures 
Groups X ' • 


5.378 ' 


1 


5*378 


1.977 ' 


0.1642 


Heasufes 


- 9*0755 . 


1 


0.0755 


'0.0277 


6.8^8 


> Err6r„ 


106.046 • 


39 


2.719" 







' Total 



178.402 : ' - 81 



TABLE 14 - 
SPLIT-PLOT REPEATED fEAStJRES JffiST OF -HYPOTHESIS 3b 



Source 



SS 



df . 



MS 



Between Subjects 


89. 195 


40 








Groups 


11.634 


, 1 


11*634 


5.85 


0.0192* 


Errorjj 


77i56l 


39. 


1.988 . 






Within Subjects 


111.5000 . 


41 








Measures 


0.1097 


1 . 


0.10976 


0.0444 


0.8285 


Groups X 












Measures 


-15.010 • 


1 


is.oi'a 


6.0739 . 


0;0173* 


Errbr,^ 


96.3797 


39 . 


'2.471' 

- — ■ \ . r 






Total : 


200.695 


81 ^ 






> 


Note: * indicates 


a significant result at the 0.05 


level. - ' 





r 
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Source 



- - •■^v.r • _ ■ : . -43-, ■• ' ■ 

TABLE 15 ■ . ' • 
ANALY^S OF SIMPLE MAIN EFFECTS IN TABLE 42 
• ' SS ■ df 'its 



Between Subjects ' 

': iBe twain Groups t 
' 5 at CCRT 

Between Groups 
at SSCRf 

Within Cell - 

Within Suijjects 

Between Measures 
- at EG - 

Be.tween>Me$surgs 
'^t C6 

'•■ AB • • ■ . 

. Measi X Subjects | 
with Groups 




0.107 
2.23 



336 



218 
15.01 



r 
i 

78 



i_ 

. 1. 



26i53 

0. 107 
0.0286 



96.379 ... / ^•39 



336 

218 

ISiOi 

2.47 



927i6* 
3.74 



1 



136* 



88* 
6.073 



Total 



200.'595. ";79 



Note: * indicates significance at the 0i05 level. 



TABLE 16 . ; . - 
SPLIT-PLOT Rj^EATm ^EASURES TEST OF HyPOTHESIS 



4a- 



SS 



df 



MS 



^7.49 
0.60 
76.88 

-123.50 
10.25 

0.725 
112i52 



Between: Subjects 
Groups J 
Er-ror^ , <■■' 

Within Grbui-s 
HeasureSv 
Groups X 
Measures : 



Error, 



W *: 



40 

I- 

:41 

.•,.1 . 

1 

39 



0.60 
1.97 



10.25 ^ 

0.7251 
2.885 



0.305 

3i55 
0.25 



0.59 ^ 

0iO63 
d.6247' 



il - 



Total 



23b;. 98 



81 



^ K 
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• • •^v''-;--; ■ _ TABLE 17 ', . ■ . ■ 

SPLIT-PL0T R^EAfED MEASURES TEST OF HYPOTHESIS 4b ' 
Source - " '3S . df\ MS F n " 





1 J J. /O 


40 








• Groups 


• 0.061 


1 


0i06i 


d;di8. 


0.889 - 


Erro^ 


1^.72 


39 


3.428 






Within Gr^ps 


91.50 ■ 


4i 








Measures 


. 3;52 


1 


3.52 


1:.59 . 


0.198 


Groups X ; 










Hi^lmures 


, 6.69 


1 


6.69- 


3.21 • 


• 0;0775 


• ^ Errdr^ 


81.29 


39 


2.08 

- - = 






Total 


225.28 


. 81 




' " : ?V 
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Fi 5?rrrinnHry 

, The infereatial statistical results; for the hypotheses generated for the 

principles of conditional 1^^^^ are sramarized in Figure lOi Note that bidy 

Hypothesis 3b (injrersiou' tfider the biconditional interpretatibn) can be. 

rejected, Se.re, there^ is a significant effect favoring the eSperlmentai 

group?s performance on the CCRT Iirversibn it^^T) : ^ 

The table also shows that for the ^ Con traposi ton principle ^ both groups "".^ 

<li<l slgnificanti better on the SS.CRX, than th^ did on the CCRT itois. Also, 
•for the inversion principle^ under thi bicpnditibn intefpretatibn, the k 

experimental group did significantly'' bettet^^^^^^^ t^e CCRT items 'tha^ they did bii 
,the SSCRT items and the control group did' Significantly better bn 'the SS^RT 

items than they:^id on the CCRT it ems .^2 7 . ^ 



Statistically Slgdif leant Results 
(at the 6^65 level) 

. Interactiqa 
Reject _ " (Groups X 

Hypothesis Groups Measures Measures 



03 ^ o ; ' _ _ _ _' _ _ 

w « 2 . ^ Hypothesis no nis,- niai nsai 

U Ti O 1 

O to C » . * , - 

z o 



_ I a • 

>* mo 

Eh i4 O _ __ : *__ .. 

S -cH ' Hypothesis -no . HiSi sigi n»s- 

3 3g >* i . 2'' . (for SSCRT) 



' ' ^ Hypothesis hc^ - h.ss, h.s. h.s. 

-. _ . - ^ - ^ ■ - : \ 

. . fi ■ ■ ■ ' 

; ^ -O ' : 

. -H . • 

03 _ - . -_ - - . 

cn u * - r 

_ ; 0) 

W . > 

- c ■ ■ 

^ ; ^ Hypothesis ye^ sig. sig. sig. 

§' 3b. (for EG (for EG 

.'^ vv ' . ' on eeRT) ^on eeRS: 

and for 

. - ; CG on SsditT) 



^. - 'c? " Hypothesis "^^6 



a x'-^o n.s. n.s. n.Si 

o e ^ ■ 4a 

<. I- 

1^ 93 ^ ■ 

_ g ;.. :■ ■ ■ > ^ ~ ~ ^ . ■ 

^ ^ ^ ^ Hypothesis rid li.s; tiis; tiis. 



Figure iSi Summary Table for i^incipies b£ GbHditionai tbgic Hypotheses 
"n^s^-" non-significant* result; **stgi "-significant result;" "niai"^- not., 
applicable! "MC" ■ materi'id conditional interpretation of answers; 

-BC" - biconditional interpretation ^o answers; -MC/BC-..^- both 
_. interpretations give the saiae results) 

• ^;s. ■ . - ■ ' ■ . • " ' • ' 



CONCLUSIONS AND DISCUSSION 

- - " - . . " . ■ . •> 

A« Cbhcluslbns ' - . » 

'. ■ . ' ■ -. ' \ -^t: ' ' •:':;* "'^ 

Since there was no^attempt to ascertain the subjects* interpretation of 



the logic conditidtiaj statement or thie LOGO conditional branch statment, the 
question specifically addressed by this study is: how. does the "LQ^Q experience 
affect experimental group performance da tests measuring understanding of the . 
four conditional logic principles, when the iseasures of these principled are 
scored in a material condltlbnai and k bicohdltiohal manner? 

In additibh^ the study sought to determine ^^ether and how a specific 
part of the:LOG0 cOTputer^ language, thef conditi " 
. logical performance. Also, the study examined standardi-^ed achievement test 
scores to see if the^ were affected by participation In the LOGO experiences 
Clearly^ the strongest kind of evt3ence is that provided, by inferential 
Statistics. The inferential resiiits in this study show no statistically 
significant diffei^ence "between the experimental and cbntrol grbups bh any of . 
the logical principles when the test itms were scored in the traditional 
manimer (i*e#> material conditional). However ^ iSen the test items were " 
rescbred under a biconditional interpretation It ims Jound that'*' the > ' 

experimental group did significantly better than the contrbl group on the 
Inversion fallacy principle. ^ ' ■ ' 

Thus^ assuming that subjects interpret logical conditional ^tateasents in 
^a biconditional manner, the LOGO' experience significantly -imp^bved the 
experimental group's performance bn the Ihversibh principle ofN^oncTitibhal 



Following ^Eiiriis and Paulus (1965), two levels of mastery of'.loglcal 
principles were examinedi To meet the- '^uff Iclerit cbhdltloh of mastery^ a 
. suD ject must score S;br 6 Correct answers out of a max±iat:p of 6 for a 
'Ptlriclple. To meet the necessayy condition pf mastery, ^a subject must score at 
least .4 correct answers oat of a maximum of 6 for a principle. Tables 5 ^ '7^8 
and 9 contain data on mastery. For all but the Forward Conditional and the. 
' Conversion principle (under "the biconditional interpretation), the percentage-^ 
of the experimental group mastering a principle was equal to. or greater than 
the percentage of control group mastery;. For the Inversibh principle^ the 
percentage of /control and experimental group subjects achieving the sufficient 
condition of mastery were equal but the experimental' grbqp had a higher 
percentage achieving necessa^ condition ^steryi — 

The correlational results in Table lO'show a statistically significant 
positive non^zero correlation' between the Inversion principle (measure by the 
CCRT arid scored under the biconditional interpretation) and the "denying the 
ant^ecedent- aspect of . the hOQO Conditional -Branch Test.' This aspect of the 
ti^O conditional branch statemeni: can be viewed^ because of its semantics, as 
LOGb-'Inversiori. Thus,, per formarice on that aspect of the LOGO Gonditibnai 
Brarich Test that most closely mirrors logical inversion has a significant 
positive correlation w±ih performance on the inversion pririciple itself. There 
are other significantly riori-zero: correlations. 



B. Discusaloh 



The inferential -statistics suggest that the LOGO experience is Inversion 
specific, when it is assumed that subjects interpret the logical Conditional 
statement in a biconditional raanher. In addition,' the correlational results 
ihi^lcate that learning the LOGO conditional branch statemerit correlates 
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, ■ " ■:„ ' ■ 

- positivfeiy and sighificahtiy 'with tHe Inversion principle under the 
biconditional interpretatiopri:^ ; V ' *• 

it thus appears that some learning did occur bh a principle of- ' 
. conditional logic is a resuit'^of the LOGO experience and perhaps because of 
learning ah aspect of the LOGO conditibnaf^^ranch Statement* The result^ also 
suggest, that in the absence of any other significant inferential results, 
toep is Inversion specific ^ .i.e. j effects, only Iwgtslpn significantiy ot^ a 
bicoidbLtibhai. interpretation of the conditional statement. ' • ' . 

Thus, if "correct" 'ins traction in the principles of \;c6*nd^tiohai logic 
means learning the naterial conditTonal ihterpretatibh^ then the results of. : 
I ^thls study suggest that the LOGO experience provides -incorrect" Indirect ' 
* ' instruction in 'one prihcf^; of: conjitibni^ logic: Inversion; ^ 
The goal of thisjsttxdy was quite limited. It set but tb see v*ieth^r the 
LOGO. expe^ence ^^fiad any significant eff-ect upon the learning of conditional 
principles. Th^re.was hb attempt to -fiha but just hbw subjects interpreted tW - 
cbhditlonal statement; if this could be determined we cduid th^h utilize a 
2X2X2 aSaiysis of variance or split^plot teglited measures experimental 
design: two groups (cohtrbl and Experimental? by- two subgroups (subjects ^^o 
interpret the cbnditional statSent i;p a material conditional manner and ^ 
subjects who utilize a biconditional interpretation) b^ twb measures bf each ' 
loj^cai principle. 

In this way we cbuld answer such questiortS as whether there exists a 
significant difference between material conditional (or biconditibnal) 
interpteteM whb ;have had the LOGO experience and material cbnditibnal (or 
bicotsditional) interpreters whb have nbt /had -the expediences •. 

I 'focused upon the *LOGO conditional branch statement because it seemed to 
;be sjmtactically and smahticaiiy cibsest to the conditional statement. <-vf- 



) 
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, Perhaps other aspecti the tOGO ianguaie might correlate significantly with 
cSnattionai statetaents.^ Two possible candiaatei i« iastery of cbmputatibiial 
iteratiott and recursidn (see Statz.' 1973). While some iterktive and recursiVe 
^ procedures require £066 conditional branch statemeritSi b the rs 'have-^o such 
r^uireoenti eomputati^Ml recursion^nd iteration sem to Require a certain 
kird of logical reasoning to master saccessfuiiy, 

_ There was no direct test of which, if any, bf the LOGO conditi5Ml branch 
statement interpretations the experimental subjects used. And since ^it'^s nbt 
knows how subjects interpreted the conditional statement, we cbuld not ask and 
. . >^ answer these questibhsi- J>. - 

_ 1) does a particuia? logical conditional statement inte^retatibn, in • 
and of itself, affect the subse<jue|tt interpretation of the hOGQ conditional 
branch statement for a subject ^^i^as learned LOGO' 

P does a particular LOGO concMrtloMl branch ■statCTek^: tnUrpretation/-i^ 
and of itself, affect logical <^onditionalj,xeaspning performance? 

.These questions could be addressed In a 2X2X2X2 split-plot anS analysis 

of variaice experimental design: two graJps Ccbatrol.and experimental group) 

Bjr, two subgroups (material ahd;bl_«^ditiinal interpretations of the ' - 

conditional statmint)/^ two^.s^sii^ 



ihterpretation or the/LOGeTconditio'ti^ ttranch 8tatement.)^|£ two ieasutis '6f 



each prihcipie of cWditional Ibgici 



Because^ the limited desifsn/of fhe experiment- we can only speculate 
that if^ubjects iifterpret the conditfibnal statement in a certain manner (and 
score the questions appropriately) /then the LOGO expekence has suph ind ' ■ / 



such effficts, ityaddition, we/can bn^ conjecture that ii , sub jects interpret^;; 



statement tti a certain manner, ,and__i|; subjects ~ interpret t%'/ 



the cinditibna 
LOGO cbnditibj: 
might appeSfi 



branch statM^ebt iS a certain then such-ahdrsuch results 



ERIC 




: Finally^ a true test of iwhether the LOGO conditional branch statement ; 
affects the principles of cohditional logic is ah experiment where two'-^Si^s 
learn LOGO. One gtbup Learns the LOGO cbhditiohal trahch J.^tatOTen^ the>^6ther 
dbes ribt# This mightrbe a difficult and rarc|ii8tic experiment to c^rry out 
since tfie conditibnai" branch statement Is such a.vitaX 'part of the LOGO 
programming languages 

It is not clear just how widely one can generalize from the conclusions 

. .V \ _ _ •_ 

of -^ttiis^ study. Randomization seems to haVe succeeded in creating non-bidsed 
sampie groups within thei fifth. gtadeVin the school. The two measures used to ' 

■ _ ^_ _ \ \ _ ._. _ rv- _ _: _ ; 

test for conditional logic principles had reasbnabl;^ cbhtetit and construct 
validity (Eanis and PauluSj 1965j Ennis, 1969). Th^^tOGO Gonditionai Branch ; 
Test merely mimick^^ a terminal - session With tiidCEOGO system and, can thus be 
said to have perfect content \mlidity with no need fbr an assessment bf 
construct validity. . . . ' ' , ■ ; ■ ./^ 

Whether br hot the school iiivblved in the study is representative o^ atiy ' 
national average is difficult to say and is beyond the si:ope of this study'.tb 
detenninei thus, it is s^'fe to say that the cbhcltisibns of this study can be . 

generalized to the extent tb whieh the: school and the fifth gradets are 

» ■ ■ . ... — 

representative nationally. In addition, .the LOGO computer progrsuaMng language 



is sufficiently different ^ In a variety 'isf 'ways, from other cbmmbiily ^used 
frOBputer languages, that generalizatibh bgybhd LOCd ta* other IF-THEN-ELSE and:;',^:* 
standard cbhdftibnal statements might riot be warranted* :>. 

There are Implications ^f this study which depend to Some- extent upon the 
extent to which the results can be* generalized. Fbr ihstance> it is' sbmetlraes 
said that learning canputer; prbgramming influerices (usually imixrove^^ 

Ibgical reasoning abilities. This is a frequent argument heard for the 

. . _ ^ . ' ' 

incorporation of ,computer_ programming into school curricula and into the home . 

as an educatibtiai tbbl. " > : • , 



Clearly this stuSy does n6£ support this iargaffient to any great eitehti It 
doesi however, demonstrate that under certain specific cbhditlbns iearhihg 
iOGO p does-have- a statijSticaiiy isighif icarit .upbh_4*':16gical:: . 

^ ability. * _ . • ' ^ 

in addition, this study uncovered evidence that the cdntrdl group,' which 
dtd^not learn LOGO programming, improved significantly bh reading achievement 
scores. The experimental group showed no such. Ijnprbvementi This was the only 
dif ference observed between the two groups in achievement, measures^ There ras 
•no way to determine whether this phendmenori was due to the LOGO expetiehce^ 
per se# Perhaps any group rembved from the regular classroom for 30 lours over 
a. 15 week peribd would have performed simiiariyi Such a result , however, does 

suggest a broader question: does learning a computer programming language have 

- ' - ' - ' ,-*■.>•- ,'- - 

unintended side effects iri the achievement ^ cognitive, and affective domaiiS? 
If sb^-what are they? T . ^ ^ 

I hope that ^ this study has pavpd* the way for future improved studies that 

— ______ __ ■_ __ __ '_._ _.__ _. f .^-j- 

will address these aind other questions associated with learning computer, 

programming. This study 4ias indicated that tti<? interpretatlbh* of logical 

''__•' ; ___ ' 'S. ' \i ' ' 

statements is an impcfrcant consideration" when .evaiuat^-ng "correct" and 

"incoSect" perfb'rmance on -measuring instriimerits and that interpretatibn bf 

certain computer programming statements may JJapbrtaht when cbhsiderihgVtfie 

effects of' learning cbmpu^r languages on the uhderstahdtng/and utilizat of 

logical principiesi ^ . " • 



NOTES 



_ The latest in a Ibng line of prbfessiohal society reports on -this matter 
is the_ National Science Foundation sponsored study done' by t1ie National 
^Council of Teachers of^flatfimatics (Osborne, 198d)i Professional and lay ._ 
poptilatiohs surveyed agreed that problem solvi rig should serve as a focus for 
the mathematice curricula of the 1980's, Oy^r '^5? identified problem solving 
as the development of logteajL^ reasbriing and thinking, * 

2i Ermis (I962> 1969, 1975, ^ 19^h Smith Ci957)vandJSeller (1966), ;foir 
. instance, present strbhg^argument for this cohttection. The Osborne (1980)' 
study tends additional empirical this point - bf , view. There ha's been 

precious little rese^ch addressing the effects of learning cbmputer___ 
programming on problem iolvingi See Clemeht, Lbclihead and Sblbway (1979, 198jD5 
and Soloway, tochhead and Clement (1980). 

3i I do .not mean ability to understand .sjmbolic logic ^as logicians doi ijulte 
the cphtrary. 1 mean the ability to understand ibgicai pripciples as reflected 
/in eylryda^ ^ . . . . 

4. jSee the National,.- Science Foundation sponsored technblbgy assessment bf * 
per^nal computers (Nilles, 1980). 

,5- ' This phenome^^ has been described by Green, with Erldsbn and Seidman 
(1980) within a thebty/ bf the Ibgic ^nd behavior of national -educational 
-systems. /or example^ Car^e^^-Mellon University is maldng plans .for_alI of 
its agents to have thi2ir_ own personal computers by the year 1986. The theory 
bf--tHS^"d6ynward dr the curriculum" predicts that- it won't be very much 

loiter before' nigh school stuilents will have their bwn computers . tbb. 

■ of stu4ies report the limitations and failures of ISifect 

instnfctioa'in logical prihcipiei: C?ill, I960; Erm.i3 and Paulus, 1965; Ennis, 
1969; Bergbnsky and Ondrafco, 19 lf69); A research r^lew by ^ 

Seidmati (198pa, 1980b) sumDoarizes t^ other studies on logical tea sbnin^ 

ability. Haty :6f thSe studties suggest that. the teaching metl»D<&/midla were 
inadaqpate; ^ ■ ' 

7i ,.^FQr a highly abstract discussion of eip causal ■ ' 

relatiptiships,^ see Oiapter III ("Causality: and "Caiisal Explanatlbn-) in von ; f 
Wright U970»' A^brbad cbllectibn of writing on conditionals and causation 
can te^'fbund in (1975). Scientific thirfcing and problem, solvltig is 

hypotliefico^deductlve in^nitur^ (Piaget,' 1957) and has as its central, core, a 
logic^al ffameworfei For ins:tance see in^^ Piaget (1958). Hunt_ (1961) 

suggests that :certain conditions might constitute a -match- between learning: 
^J^^?^5^!^°5 learner so as to promote a more rapid transitibh between ~- 
fiageti^n stages than woi4d <^brdinarily bccur.* Cbnsider the trarisitibn frOT the 
concrete to fbrnial bperatiphs stage of cognitivei: development computer 
prbgramming constitute such a -match- since it can -be viewed as the concrete 
manipulatibn bf abstract propositions? This notion is discussed in Seidman 
(1980a). ■ . • y . , 



8i See Niiies (i980) for a tefchnology assessment which Includes siich a 
farecasti 

9. : One need only examine. TRS-SO^ Atari^ Apple of PET mlcfocomputef 
V adwrt ismerrts ~t<>-<letect - this^ type of Appeal . See^ f o r example ^ T^^ - - - - - - 

• Journal ; 8^^ 2^ February 1981^ ^ , 

lOi Examples of the types of computer literacy arguments^prevalent_ today _cah 
^e found in Molnar (1977, 1980), Luehrmakn (1?7?3 1980)|5raun (1980a, 1980b) ^ 
Aiken and Braua (1980). Also, see Ahder/oh and IQass^^ (1980ar 19806) for a 
bibiliography of computer literacy papers. * ^ 

11. __The study reported in this paper is part of a iargif stu&y by Seidraan 
(1980a); . : ' . 

12. It i-s someyTCs argued a^ logicians that the if-then conditional is 
not iogicaii truth-functional connective (under the material cbriditibhal 

^ interpretation)* on the grounds that flie antecedent and consequent of the 
conditional statonent are riot required to be related^ that any cbnditioriai 
stateiiferit is _ true with a false aritecedeht and that the interpretation takes no 
cognizance of the subjunctive mood (i.e., cbhtf af actual conditionals )i' Detot^ 
(1970» 99) jnakes the point that despite the above objections, the ^-ultimate : 
justification** for the mterial conditional truth-functional interpretation of 
the conditional statement is pragmatic; it has- proven very effective iri 

logical analysis." In addition, Quine (1972) points but that the ordinary; 
conditional statement is really ribthlrig mbre thari a cohditibhal assertion': 
(rather than the -assertibri bf a cbriditibrial) and that should the ahtecedesnt 
turn but tb be false^ it is as if the assertion was .never made\ " 

^ ^ ^ J . \ ' 

13. The name's ^6r these principles are fxom Ennis^and Pauius (1965) and ar^ 

B?^^^'^^^;^? ??™®^_^!^?^_i®Si^i^^ ^or example, tlie Forrard Cbnditibnal 

principle is called ''modus poneas.'* 

14. I use the wrd •^standard** tb <iistirigx^.sh the cbriditiohal branch statement 
iXlustrafed iri this Sectibn f riOT a variation introduced in another Section^ 
BASIC^ the mbst popular and prevalent higher-level microcomputer language 
cbhtains this type bf statment. (E.gi , IF A»e tiffiS eOtO 20). . 

I5i For instance, see M-SOt, LOGO; PASCAL and even newer TCrsibns bf FORTRAN. 
An ecample from tOGO: IF :A«:C THEN GOTO 20 ELSE :X#tY + 1. 

16; See S^idmari (1980a)* ^ -: , 

17, Thrbughbnt this analysis^- I have refered to two possible interpretations 
- bfVthe Ibgcal^ if ^fien cbnditibnal 8^ material conditional and the" 

biconditionai» the.se are log ica l interpretations. However, there is sbme , 
: evidence that the conditional stateient is interpreted in a ribh-lbgical 
manrer. jj^ a, review bf oyer 40 research studies 8|«hriirig the" last twenty 
yelrs-t Seldm^ri ,(198pa) shbws that a developmental thread bf bicbhditibnal-lilce 
trarisductive reasbnirig ruris thrbugh much bf the literature on ipgicai . 
^reasbhing. ^wever^ transductive reasoning performance (Which is non-logldai 
reasoning) is identical ^^^^ biconditional reasoning (logical reasoning). 
Seidman posits tteait this .may be why transductive reasbning i^ sb hard tb 
detects A good 'exaidple; of transductiy^ reasoriirig res^arph cari be found in 
knifbtsg (1974); Alsb^ see Piaget_(i926s 1928) oh trarisductive reasbning. ^ 

•:• ' ' ■ • * ! ' ^ . • "• ' ■ ' . . : : _ _ _ " : . ■ 

• * ' "■■■■•■'•**.■ . ' • ■ ^ . ^ 

o_ , ^ "■■....«*»., _ • ; » • 



is. See McCarthy tl96Q) for an exposition of LISP; ^ 

• * * ■ ■ . 

19^. Seymour Papert, one of ^ t^^ of LOGO j is a ieadit^. propbheht of 
this^ew^airf of teaching LOGO computer programming in grade school.^ See- " 
- ^ert ( I980)v ~ : - - >^ v ^ 

20* For instafice: how are we. to know whether -iacbrfect" answers under the 
^ material conditional scoring scheme thtat turn out to be "correct" answers 
. .under the ^bicbhditibhal scoring scheme truly represent a bico'nditidrial 
ihterpretation of the. logic.ai conditip^ After all^ vthis result 

could vfery well be due to a. nonT-logical phendmenbri^ siich as the "matchihg 
bias- posited by Evans (1972) or trahsductive reasbhitig posited by Seidman 
(i980a)i similar problems are encburitered in trying tb detemine the 
* interpretation of the cbriditibnal branch statement* Seidian'' (1980a) has tried 
to do this In an indirect; manner. ' 

21. Aisb, see Kerlinger (1973). ' ' ^ 

22* A review of this literature can be found in Seidmaif (1986a). 

23i The LOGO Turtle is ah electrcmechahical rbbbt that is directed byv^fe/ 
LOGO program to move abbiit the flbbr. It can move fbrrard, backwards and turn 
about its Md-pbiht upon ccmmand. A pen in its belly can be io^^red and rai'fed" 
thus gi^^hg the Turtle the, ability to leave "Tur tie traces;" A_ graphical 
versiba of the, Turtle is also available but jsas not used in this, study. A hew 
gebmetry^has been d^elbped around the -land** arid graphical Turtle. See 
Abelson and 'diSessa (1980); - 

24; Numerous instruments haVebeei developed since 1960, including: Hill, 
. I960;. O'Brien and Shapirb» 1968; £nnis^and_Paulus, 1965; Ennis, 1969; Peel, 
1967; Tallin, 1974; Paris, 1971; Roberge and Paulus, 1571; Howell, 1967^ 
Gardiner, 1966; ^aulas, 1967; Jfartens, 1967; Millet^, 1968; McAlbbri^ 1969; 
Carrollj 1971; Ryoti, 1973; Flener, 1974; Kddrbf_and Roberge ^ 1975; An^^ 
and 'Roberge, 1978. Most post-1965 ^measures take Eriiiis arid Paulus (1955) as 
their model; * • ^ ' 

■ _ : V * ■ -/:■. ' J. __, ■_ . _ ■ ' • 

25. . The twb scoring m^hbds are independent of one another since an "I don't " 
knbwy ribt eribu^ ihfbrmatibh jgiveh" response was one possible answer- out of 
three. ' 

. 26^ Peel (1967) found similar restilts bri a very differerit kirid bf reasbning ^ 
: test; ' ' * ' 

27. The cbriterit dimerisibris ,bf these test items were analysed^ No significant 
differerices were found between the cbntrbl and experimental groups with 
respect tb * cbriterit of Ibgical statements; See^Seidiaan ^i98ba); , 
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